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o] (13 R& 45{(73.8) 126(78.8) 112(742) 31(53.4) 314(73.0)
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EH =303 HY 28(45.9) 57(35.4) 62(41.1) 36(62.1) 183(42.5)
it ®Y 16(41.0) 42(359) 37(46.8) 12(48.0) 107(412)

By A2E L LOEHER

3. Bt AFRY vy Fu—h

BMI i, Bt 244432, 21,9127, v FEFHRIE86.9+8.8 cm, &Kk 73.7£7.7 cm Th o7z,
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jcd 20@4%  J0M{t  40Rft  SORR I . AREFN 20 30 40 50 L1
Bt E% 45(73 8%) 107(665) 79(523) 30(51.7) 261(60.6) Bt 25(410%) 37(23.0) 31(207) 9{155) 102(237)

o

L2 16(262) 54(335) 72477) 28(48.3) 170{39.4) 27(443) 5B(348) 40(267) 21(362) 144(33.5)
MSHL  58(96.7%) 127(78.9) 105(69.5) 41{70.7) 332(770) 7(115)  43(267) 49(327) 18(31.0) 117(272)
MSHY  2(3.3) 34(211)  46(305) 17(29.3)  99(23.0) 2(33)  23(143) 25(187) 7(121)  57(13.3)
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39 118 79 25 259
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MSHY 2(5.1) 5(43) 10{127) 10{400) 27{104)
i 39 17 78 25 260
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FRLBEOS VN NS SBLUEERHRBEOASTZNAYTZETy MCREREIE, 2 ¥ BRITHR
LTRBRZENRL. SAYAEOL DI FHBBAZLINVAY 72X BB T, 30 5 ARITHRL
THREZERNUZ, BURLUERBO—IE, REABRE/KTHRES. WA RPMI1640 T 3 FriEEL
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THER., U U BSEEEARE/K (PBS, 0.01M, pH7.2) Z2MX THRESFFA XL, MHHEREZHAEL
e EVROY NI BEZREL . ERBELIZB X DITPBS THR. H2WVNILELEBHE (ENZE > 20,
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BLT VRGBS ZEZRETS Tu—TJIZR23MEHNE.
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T5AX K- R %&— (pMal-c2. NEB) "D#H /00— AR ERB LI TR L, KIT. VA
FIT R (2 HFEE) REASTHELE polyWRNA 257 T L —hEL T, LRBOTS1T—A
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X Pwds?T M - - =
) HEEFy b (EBBEUE D FIHREFE)
- Pm339 - ++ ND# ND ND
DE i
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—H. VATV VHBRBOBEMFEIIH LT & SEREEZAWTERLEFY b ORSHETE
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TRRMTH o MiE PwdsT) 1. AUBECHIZERID o/, —F, BHEERLME (Pwlls)

REBRFEED. SEHEEB2ER Mo,

D ToFArAERAWEFY NOFRELTHHOBE DI A

ERBMFy hTREIN-BEDE (Pw225 & Pwdd?) ORIEM, Hik b 1g6 TR, o512 A
E7O0-TICUTHORIETEINEFANE, TOHR, VXTI HREBEOBEMBIIEDSTH
HERL., 7OFA AR TO—-TELTHBREOBHMNAURETHIEN Do k.

DI AFNI VHRBBREFRIBITA XOMBEIIH LT, REFy FRBEERTHERANE 7
O—-7RIE7O0F1 2 AZHWE, TORR, X8I0 XOBREMBE. TRTEELRDIENAS
MEirolz (BREFmMEIIVWThbEME.

4) VarEFUN I OHE

DIATNI VHRBORBENSHBLE polyDRNA 25>V —hEL, FH AT 27077
—FEZEMICRT-PR 21772 > 2. TOHRR., FEYA XDEY (546bp: T I < — &5 2k < & 500bp)
NBIES Nz, ZORT-PREYPERII—lcr/n—=2 7L, BETEINZEZ L THAOFES T
>7uF 7Yooy (D21124) EEB Lz, TOER, I I7UT4 —RBEKELRILVT B.IXTHHEHE
WMok, 00— E2RBEICN S ATz bER- A5 aalidl. 2DFRE. I T0kDa
DYAZEFU S U XTFA 70T 7 —ERBHRLE, BE. Va2 EFI N FONRTORER
REBHEEDTND,

5) MRHBEDORITHERBE

WILAEFEHORTH (VXTI UMEHR) BT, EREFy Malick R ENMESR
SEBEI, 2000 £ ~-2004 D 5 ERIT 369 & (14ERIC 60-80 ) I kole. BEICHED S NLEKER
HREREPRBERNET, ETHE2BDREORTHEN - RAFRRHBINAEL .

WML HETORTH (R U FTEHKHR) KBVWTIR, 2O 5 FHICRHEINMTKHERE L 108
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ZTHolee TDIH BHFAPFRBEROHEZZ LA, 6 FITHRBHELTHEZ. 16 SITHEIMER -
AE (BREBOER. FEX, BEXEERE) 2. 7 fICHBREREZRDEZ, AJUTEVHERTRER
FrEF el - MAGIET, METERRAENFZNBHEOEA - BUPEETHIEEZHRLL.

RE., SMTREAJUTEVHRBEAS BN A YT 2R TICEESE. TTICRERINZHRAL .
RBEZERLTHEZHAEL. RRBFy b (RJVUTEVHRR) 2EHTEFETH 5.

z £:

EHROHER, RBFy b (VxAFNIUHBRBRFEZFERA) (1,21 T, POV AFIVT Uil
RHEBENHBRICBH INZEN Dok, ELERMHREREZAVWTEHRLARREFY T, &
W REEBENWEICZH IN ., Thbb, Fy MEEICAWEFNEOHFEBE LR HEREOERER
BEN—HLEHEIR, NEREHHERENEONIENHON LR >, EENLERDIIERE DMK
HRAGFEOFERELRDHMBT.COBBIERELZ@ELEF Y NOFHERBKBIIRDZEEXI SN,

—F T, Fy rORBICAWEREOSRRBEEMRREOCRRBELENELRS (REOHETRH L)
BEX BEN—ELREMN>T, ZOBHE, FIHEAFKICEXTESHEZB WS &, ERFRENR RIS
EI582c 0l FMERTHEALEZESHEOHAICKVEHORKRESEN ERT5FE T, v/ O ELISA
DHRBETHEICBREINTWRUIN. E/ AN I T74—FZ2BALEFY PTHRKOBERENES
Nize VBE. VAT UHBRHEZTHHRENS ESHEZRBEL TNZOT, INEAVWEKRREF
v h2ERL, BHOBERREENGERZ2BEELETIFETHS. £k, YaAEF b - FHEIXTF
A7 F7—EERAEFTHY . CEHREELTEFy FEEHLTBHIEALEZVEZE A TVWS,

HRBDORIPA XINDBEREEITE, INSOBYPREELLTHATERRZHRLTVS., T
DEIBBRBEEHYWOZEIZIT., FLe b IgCITBEA T, B0 g2 T 0571 ADFEANKE
E72B, TITHEWMAETIE, €04 RTERLEZTOFA U AZEBL. Uz XAFIV UKk BICER
BEIEERILMXDOMBEANT., EREBFy NTREHNTEIMG Lz, TORE. B OMKR
BADZWTEZENRG Mok, COTO—-J T, HRREEFORRICBH CTER, EREOTWEFE
RRiIcHRELUERFIZIZ. a4 REBRTOTFA 2 AZHANWSFy NOFERAN, FRAEEA SN,

AMETHESNERBEHIC. MOMEHE (ca—< 290 T XREME. ¥R 19 £E) Tl
T, SAEOHFEHE (HILEEFRZE - S TEREN) OBRHFEORFLITRoEZEIA. HER
DEVERSTz, MERFEEL TR, BHF*y FESEEML, ChZ2AWTHILIE (U XAFIVI Vil
RH) EWItE (R UTEVHKRE) OFRTHT, §500 ALEDERESEOENENRIIREEZE
WBeBTFETHD, MRAELHFRIEICETI2HARAEZRBENICRD ELDEN, ZORBHAREH TR
DET, YU BTORNRELERB N —BHREINIBOLEEITNS,

BEM :

Lo F/nMlfl : fiREHERERAEFE (FEBBE) WHRIFEA : PEABRKLERZR, 21:988-990,
2005

2. BERM: HRHFSEBERAE (DICFA-Kit) WEBUSINA : FEABRILERZEH®R, 22:99, 2006

3. Yamamoto M et al.: Cloning of a cDNA encoding a neutral thiol protease from Paragonimus
westermani metacercariae: Molecular and Biochemical Parasitology, 64:345-348, 1994

4. Maleewong W et al.: Excretory-secretary antigenic components of Paragonimus heterotremus
recognized by infected human sera: Journal of Clinical Microbiology, 30:2077-2079, 1992
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Tha Nippon Foundation

MHEEANRPEEZRS
20064F FE L [RIAF RSB & -z - tAmn-—REE

20074 3A 158

MEHBEAN BT EZH S #T

—-—h

BMALVBBREEYZHAL TITolIETF —<iz oW THE WL LET,

RS : BRASS
BAERL ; Rl #ﬁé‘(,if‘%,) @)
NG
FEkE  BUIKFEEN FEXE -
FRNE. SREFHREYI— L. BEde

T 260-8673
o ;. TREDPREZS1-81

faE : 043-226-2789 PaR -

.mE&%H:800, 000 M

CHRT =7

AE - HEMEEA TPERILEICHI 2EERPERES S USR]

. R OBRE (ooFrE)
EMAFZEREEREFR, TERHEEEOLRAMEICK Y PERILBOABRRICHEDS

WARMSERR TSI EDNTE, EMAREF—ERICBIIZ2EERERFRROERBEEZN
BT R LEHTER. THICLAERLERBEORFE SUICEREREICRIEERVER
HRMEERANXBSSR-PCROZHYBEETHENTES.

W R MM
BAmBRERs - Bl BEe ma . BhEUS
FBigE . ETRFEN FRXY e . BEEFHREY2—
PERFEEEs : £ B s - PR

FimMSE . EMKE mE . HREAREZR
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— B PEFHRBREE—
RE - EFEBFFEBIAK

hEFRIEBIBTINABRRERAELSVHERATKK

e K4 RILBHE

FBt4ES EMRFHBEN TERE
HEE¥MAEE ¥ — - BhEdE

T ERIFE R EE £ E

Bz HHRKRE

BRBEREFEL: - 2R

EE

HEEL, BARBEZRE AMRBBRICKD ZERRLEAEREDIZ, EEZEDIHBENLRV. Z0
eIz, EEBRLEOERIT, FLALRAEERTVARY. E-T, PEFRIHERICULAZHEHRL, BEERS
EDREZITY, HRAMREZERE L. EFRBAL LT, [EXE, WRE WMVr, BERE, KMOLER, B
TR, Bk, DIERREEEREOTPRBA~DHBERLEZRAER, 72H4EF 63 #:(93.1%) 28T
BZENTE. REE & UT Candia albicans (57.13%), Candida glabrata (14.94%), Candida tropicalis
(7.46%), Candida krusei (1.46%) % LT, Aspergillus (13.43%) Tholz. ZEADRBRIEBD THEV LD
WCBbhie. ZofRRIE, PEEEFHEE 26 %, (2006 BITHEBE I

BEEOCEZEWRICIE, FREOEZSE L2 AR L TRREOBRRCREZR 280 b0 LTk

LRV, ZhbDHFRDI=HIZ, DNA DY IR LEFIZFIA LT PCR 17V, #iEShiz DNA Bk Ok
b REEKEE DR %E A5 SSR-PCR(Simple sequence repeat-PCR)#ERHS. Z D PCR DHESLRHLE
ERHEEIRZVALNI L. ZoOfRRIZ, BAEEE®SQ006 BICRRL, SHKEEHRE 32 85F 6
o Eni.

Key Words
HEE, WREE, Z2F8%, SSR-PCR, #IE PCR &M

#a: :

REEREEICE, S99EBREINTRY, TOFTCHOERER—RIZAZTONWEER#HETHS. Z0
BRI BV, PETIEHCREEE L TOREERRWEERIERDH L. EVREIZBWTIE
BRMEDEBIIRZICHLAIZENTE LT, REBRECRERIFEL AXRILL - TEEREDO—2TH
5. b, HEOABRESMORIZLVEREOHIMAEL 2D, #£-oT, PETCORHERE L HEER
PEDI-DDWRFBRITIR DT Z LB TERY.

REENEIT, RMARLEZIISEITRENRETHY, BETHSt FORFEETAFR L 2oTW
5. BREROESRIHY, ENEOLZH, RV ADERICLI2REET, A7 aAf FHALVEVOERIC
I REIET, = AV A NABRIZ L ZRERLARY, AEBRLEOBSITHA TS, HICEFREOHRE
BENEZ YT BEERRERNTFRENS.

—%, BEEREEOBERKROHN, HBSENR S OBFERE, EEAEOLDIITINBEORMEZH
DML TERITAZENRBETHD. ZORDMEEFARDZHFEIL, 17047474 b (micro-satellite)
L FETN 5 DNA Dt Y 8 LEES] (STR s ; short tandem repeats), EEHiERZIE:Y iR LES (SSR; simple
sequence repeats), 2 EZFIAL T, PCR #ITWEIEEN T 2R EDIEWVIZ X 5 DNA Wi i OSmER» B
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DEEROBBIRBEZAT O FENTORATWS. LhL, EERIENLCHFEIEND. BMTERORETDH
5. £TZTH~4iL, SSR-PCR DHERHZERFEHRIZZ VHALNICLE.

HREFE:

EHKREE—REARSRE, 676), B634, k4B, Fi63~92%, THFEHTT. b, AP 12~
72 B, ¥¥H22. 58.

HEEOBIIY, REORE, 5%, BERREZRAELTokz. REAOHBELREIX, %% PDA(potato
dextrose agar)iZigE L, WBER, ABEOEHEIZ, 37°CT, HAREEX, 28CTHEL, BEMEC L8
gLan=—0&ERR, CLIRAEZT, BPRABIEBHUERSROan=—D&LFRIZLYFAEL
Tz,

SSR-PCR iz X B #5258 D 7= > D PCR & DEHIZ DT, Aspergillus fumigatus JLMR 0542 #k%
v, tablel, 2 D&M TPCR Z1To7z.

BR: :
BEAEPRBARARBEBRREORELS L CERER

HEREBEORBERAT, RUIRLE.

& 1 REBRBENFEREHRSH BHERE X RBIERIE, TR, HEUE 42 4,
BRRER n_ MR (%) . N g o s
BEEAERBEAN WER ol 4 6 B 5 fl, BRE 9 6, MImER 6 5, BERE
T 5 7.46 &/, BE% 36, LOEE 2 5ITHhot.
MR 9 13.43
)ik e 6 8.96
SR JRIRK 3 4.48
LS E 2 2.99
% 2 HiEXRMAMNNR

#2113, EHEOERRIRAR UL,

FHRY PR #lk

R ¥ () PR (grd) (%)
SR AFEIEE 23 8.5 6.8 34.33
L= 7 6.7 3.0 10.45
il Ji 6 4.5 4.0 8.96
SHRE 5 2.7 4.8 7.46
LN 4 4.5 3.0 5.97
WSE 3 3.5 2.0 4.48
OE oL kNS R3 RREOSRETUL
—ERFARARIEIA 7 7.5 562 10.45 Candia albicans (57.73%),
Candida glabrata (14.94%),
%3 NEBHAR ca gl .
— - e Candida tropicalis (7.46%),
P - ' %
oy ” 5.7 Candida krusei (7.46%),
%ﬁffﬂég 10 14.93 Z DD Candida (1.49%),
ﬁﬁm : ; :2 Trichosporon (1.14%),
HAaSwE 1 1.49 ; . 0
i X . Aspergillus fumigatus (8.96%),
ifiikaa} 6 8.96 Aspergillus nidulans (1.49%),
*ﬁ%ﬁ : i :: Aspergillus flavus (1.49%),
o 355 1 1-49 Aspergillus terreus (1.49%) Tho7z.




E A HEEIZLS SSR-PCR DR &0 & EL

Tab.1 The factors and their levels in orthogonal design

Taq DNA ploymerase Template dNTP Primer

Level /W) (pa/mg + L™1) (ep/mol » L™1) (es/mol « L~1)
A 0.5 10 150 0.25
B 1.0 20 200 0.50
Cc 2.0 30 250 1,00

Tab. 2 Orthogonal design with L9(3*)

Tagq DNA ploymerase Template dNTP Primer

Group Qs/W) (pa/mg -+ L™1) (ca/mol « L™1) (en/pmol « L=1) Degree
1 A (0.5 A (10 A (150) A (0.25) 1
2 A B (20) B (200 B (0.50)
3 A C (30 C (250) C (1.00) 3
4 B(lL0® A B Cc 3
5 B B C A 4
6 B C A B 6
7 C(2.0 A Cc B 2
8 C B A C 4
9 C [o} B A 5
K 7 6 1 10
K, 13 11 11 n
Ky 1 14 9 10
k= K;/3 2.33 2.00 3,67 3.33 2 degree =31
k2= K2/ 3 4.33 3.67 3.67 3. 67
ky= K/ 3 3,67 4. 67 3.00 3.33
R 2.00 2.67 0.67 0.34

DNA SEEERDORE, 655 DNA BE, XILVAFRZVVBORE, 77/ ~—BELZZTNEN 3 BE# tablel ITR
L7z, ZNOOEHZE IR FTEEZ VT 9 DIV —TE2ERL, ThENDEHT PCR 1T\, BRIKEIZITo7-.
82 Fig.1 IZ7RLUI-.

2 000
1 000
750 BN
500

250

Fig.1 Orthogonal design of SSR - PCR
M :DNA marker DL 2000;Lane 1—9:Group 1—9

Fig.1 DFERH6 Group 1-9 % Degree 155 6 124 Tk, TOFRERES table20 A RO S AR L. Ki DER
20, §8 DNA BE 30mg/l, TaqDNA SFREFHF M 1U, ANTP # B 150 u mol/l, 754~ —JEE 0. 25 1 mol/1 D35
WEEhr-.

ZDEHTT, PCR OT =Y NMBELFAINEERE LIRS, Fig.2 Tha. BE% 50, 53, 55CRIUH A
NV 30 | 35 B TITolz.



250 o
100

Fig.2 The effect of annealing temperatures and cycles on

SSR-PCR amplification

M;DNA marker DL 2 000;Lane 1:50°C and 30 cyxles;Lane 2:56C
and 30 cyxles; Lane 3; 53'C and 30 cyxles; Lane 4: 53'C and
35 cyxles;Lane 5:55°C and 30 cyxles;Lane 6:55°C and 30 cyxles

ZORERNPG, T=YZREBC, YA 7 NENL 36 BIRRBERGTHDZ EBALMERST.

ER:
ZERERBARBEREORERL KA

TAEMEEREBRE DS, REOERERF- TV, HIZEEDBETIHEFABELIETLTRY, HERS
BEMEIERBBEBE. Candida albicans V3, DENICEETIE TLHY, REENMET 5oL mPITBITL
TE2FRBPIERBITLZVDOT, FKER 53. 73%% HDIl&iX, BETED. UL, Aspergillus DEGTITE
LB b, BCEEMIZIIBITUIZ\W A, nidulans, A. terreus WENFN 1 FiB-7=Z LIZEBIZET 5.
A. fumigatus & A. flavus WERIEHEIZBIT LT 00, REBEER, WX HICBbh3s. ZEREDOIREIC
Wico THRBERROBENE NI L 2RHEIC, BRICYULIZENEENS.

EASFHERRIC LD SSR-PCR DRUS&REDOEEIL

PCR DRISEMHORIIIT, A%, ZHLTOMHBADEICLZRIBBETH S A, ERFEEC K
BERBOBFIIEETHS. FAHEOHKFMRLEDER, SUAREZONER, 9MORIETREARG
GRUEERETHERTE . $57 DNA BERH L HBRIBIEL LIS LALTHEHS, JITRE,
HLEPTRLEY 30ng BEETHo7%. dNTP BRE, 7I/+—REFRUICHPTRBIEY, £hZh 150 4
mol/l , 0. 25 p mol/l Tirote. 4%, % REITHT S PCR DEMRNOBE AT OF TR DLEX BB,

RRFERAX:
D #% BER, B 1 OB R B, R K BUEHE £ OB EFREPRARREBRR

BRERERRDIZ. FEZFEFMSE. 26%, p. 930—932, 2006.
2) YANG Yan—Qin, HE Dan, WANG Shuang, GUO Liang, ZHANG Yu, YOKOYAMA Koji, WANG LI. Optimization of

SSR-PCR reaction system in fungus by orthogonal design. Journal of Jilin University (Medical Edition) Vol. 32, No. 6 Nov.
2006.

KRR
Wang L, Yang Y, He D, Guo L, Zhang Y, Zhang B, Yokoyama K: BB SSR-PCR SH-D@EIEAIZEET HHFA.
F 50 Bl R AEREY MRS, HHEH 47 (8FI115) , pb8, HIX, 2006.
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MEIEANBFEZERS
20064F LRI SR E B & — iz - semmr— G E

20074 3A 15FH
MEEAN B P EZH S P

HHAL VBREEZHL TITo kT —< iz onTHEW L LET,

eeEEs: DN M EF %

By EREXFXFRESHFRSHESR

FREE.  BUREECE L. BHE
= 890-8544
ot ERETEsE8—-35-1

MMIEE: BRABREE

ez . 099-275-5242 P

-k

. &%E:1, 000, 000mH

2. BMRT—Y
- HE - BFIEAMEIC ST B b ) U RIBEDEERR & SLC25A 13 RIAFRR
3. REDBE (orrE)

AARANEGFTREL 7215~161EDSLC25A13ERRFEZ 1TLV, MEEH - HEEST76IF
2BIDNT AESE, BB FHRESHP1BIONTOESHE, ERE - KBHRRE
EFI110BIF1BIDAT OESE- 17THOERKREESE( M) O RIBEDEE) %
RWEL L, BERRICE, PEERBREOKRTRAN - BiE. DMHISEETHS,

4. Bt R #H &
Aimmrsss  _ AVMEF  me. BIEEE
. EREAS g AYBESYRAWER
PEWFRERS BB oms. BB
TR . NEREEAY | 5E . EYRENTESHE
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— HREFHRBRER —

HE - BFIRARICEITSS M O RIBEDEERER L

SLC25A13 ZERIEEIRT

HrrEEE IR ET (BRERFAFGREEERETIFRD
TEASFETRARE & B (WRPERARFEEFR)
HEARFE Hfw) RAE. B OB RS B BREBRFERFRERFRSVIFER)

fein B (BESCE R ERRIEITIRT)

% ZE. fl #R. & BF (WBEREER
R TR (BEAFE—ER

g B (MmiREER

B ® RS (EREMAEECER)

EE

TR ORIBER. EREESHOBRGMEERBTH D, BEDLRL ED 2 DDRE | FrHEH S - #tE
FiARFFR NICCD) ERRASAE DR MLU ViffE (CTLN2) RHSNT NS, K7 D7 ORREHEX
B, BICHE - BHIEAETIE 43 A2 1 AOBIS TREENEET . REEHEENSEETSE
E7 U710 AU LOERREHSEOBEINMENSNAM, ChETRRRINZBHIAFISNT
13D THIR, FHETIE. HFLRFHROBREE. LHRE, BEE OWFEEEE & XEPE 2T,
VRNYRBEORBERROIOICEFREE). ZhiREt o EMEEEER Lz, FFEEREBEDOD
Flezabisd s, HTFREZMNCEN LzPENERL 40 F (FE, B8, F—ARSU 7, IL—7,
KREERE) X725, INETHTFERFNICEE UEZBRNERT 370 HIZBA20T, FEZIEICDHE
TRIRTIVTIBNT, ¥ M) U RIBECKRBESOEM LB AT LDORELZE R DWHEND 5.

Key Words 3 bV > /R38%E, SLC25A13, P ANSEUEE « V)3 DB MO R 7IEEEE,
FRAFSE D& b))V MfE (CTIN2), FFRRBH S o #HfEF £ IRFA NICCD)

2

il

HEREREO/IMSIE, EEREFAHATRRRERTZ2EELTNRR. RARE 0 8 MLY »IE
(adult-onset type II citrullinemia: CTLN2) DFLEET SLC25A13 2RA L. HFRBGTFEMEZI MU >
(citrin) &M@ L7z D, X5IT. CTLN2 OFAERRES LT, FRBH S o ST 4EIRF% (neonatal
intrahepatic cholestasis caused by citrin deficiency: NICCD) D E. « 14 20210, T3 R DRI £
FHEEESZIEELE (R1) Y, BERICBNT, ZHE T CTLN2 fEH] 160 K41 & NICCD fEH 200 &
2N TEEFANCHEEZH T2 ST, SLC25A13 £R 13 B2 —REATREL. REENSHE
(1/65) ITHEET B EEHBMI LY,

—%. BRAERUCERZHDOHEA CTLN2 EFIZ D TREEEMCBMLZZE >0 2k, B V7
O—REFAT 12 BOZERBEERBZIT, FE - HHRLIREAMBICBEN T, KOEHEE (143) ITkEFE
PEETBHIEZRWELRE (K2)"2, FEEETHE. REEHEED 5FEIN DM allele IZ SLC25A13



EREFDOFTESESEED /7400 L7320, 80,000 AZBX2BEOEENTEINS, LML, MY
D RBEREFINEIR « YRR (NICCD > BT LI >CTIN2 5 WihiRE) 221, 4FEE
2R TUNEEZH TERWEDD, BEUN T, ZNETIRR INBERIMD THRN Y,
FHFEDO B, FiCPEREZ PO, REOBFFRIEE S 2HEmOREET\., BPHEFEMRICELD.
VMY URIBEOBEERRTEIETH S,

LN (0-188) S -0 AN (10-808%)
NICCD ] [ J [ CTLN2 ]
[ OMIM #605814 - E.Z]‘(j’_tﬁﬁ i OMIM #603471
Lk (86 104) ﬁl ﬁigizﬁé‘ztm&ma SR (125:55) - - ~ e &
ARG ! BEAE, RATH e B8 10" ] worea
FRBEH-># i # X8 BWREFU W7 =TI )\‘ (seraves) 8 (2212458)
| SA7S /R _SpaERim | | YEIUVE ) SO
i (Cit, Thr, Met, Tyr¥%) RHFE, HIAE D7 IF=V LR Henan (01175) O shanghat U (2emavz)
i HSHh—RfE i ThtvASRE ThriSerk: Wl NS Y g7 TSt
| EXREmE, ENN @y, enpew | FERBASSREA | [ N\l - ;
[REREET, AFPEE | | rrew, Em | | LUKPSTIER, KK Guangdong (187538) e
| BRESHF, ARAIIAR | | WMORE, B | | BB, TRRR cursi @ 8,7 @ 1imn
| FFSH (45W) Pl Pt MBI Nl (3569) v‘ﬁ Horg o (2301314)
B MABRBMAL [ RAE| OMEN 2. W77 ICBIESLCBAIIRET EREHOREAAXLN

WRERE

# MR HEE - RO TREBERETSES 77 6. REE - ENTRA S M—AMEH BNEFos >
MAE7S E DREPERBNEONI-ER 110 Fl. BEE - RN TIIFEER 36 fiz, MU RE
EZHOMRE L LT, _

# 5k EEIRIBHRIN 3 B USSR A S FliE U7- DNA 285802 U C. AR NESITREE L7z LLsisEE D
B SLC25A13 B 15~16 /& : [~[V]". [vI} - [vI”. [vII) - [IX)?. [X] - [XT] - [(XIV]'2, [XX]'9,
[XVI] - [XIX] * [XXI0] (Tabata et al. F&ICAERRH) %, PCR/RFLP 3% SNaPshot/GeneScan #%% YT
KRB U T BEAE RSB SR WEFIC DWW T, RNA %V /2 RT-PCR/sequencing 3 & X genomic
DNA-PCR/sequencing IEIZ & D ERFER. BETR2MEEELLE,

# BRISE) SRR « PEEOKRHIRR. ZRRRLRERETI L&bic. PEHOKEWEE
TN—TIH U TREEAEE 2 R L .

"R

@ ZEFEE : BENZER [1:851deld 2 1 DD allele 2R L= KEEEOPE A NICCD EHFIZBNT,
LRI ZITV, SLC25A13 BETFD exon-12 ICHHIEZER [XXIV]: C1189T (Q397X) ZRIE L= 9,
ZESWRETE. WHOBGTRREETV. [ B8R, XXIV] BREBERTH 2 EREER.
5T, BRSO MY I REBEREFICBNT, ZEOFHRERZRVWEL. BETFENEORIIRS
ITBEEREZITo> TS (Songetal. KFERK).

@ BEDW  SLCSABER 15~16 BERAR L. HREY> 7)) - BEEH 77 AT 2 FloNT OES
& (1/38.5). FBEEY > 7 - FHEER 36 HITIX 1 BIOANT OHERE (1/36) 2RWELRE, £2—4.
REEY T - 50 M—=AMERTF O VMERE 110 FITHE. 11 FlOANTOEEEK (1/10 : R
LREFOBEZSDAEENLR) & 17 HOLRFEESE (BERRR : 1/6.5) 2RHE LR,

@ BFIER : 5 10 AERARRHEREZS FEHE KBI5Y M ORIBEICET 2R%T 9, #RS
MHEFE S 1,000 L E2BA2BMEOF TR 28D, £-—F, PEEHOERBEFREICH LT,
¥R O RIBEORBESZEMT 572012, PEEICLZRTHER Y LHRURE 2o 7,



28

AP . HHREZGRBREBER ST ISPS-7 VT « 77V IHNERUMREE (TR 18~20 £FE.
INKET) OFTIED ., RFEZFLELERTP7ZBNT, TP M) URBE] TR 3B0EED.
JEEA N TREEDEEZRRETHIENTE, KERREVESNZ, BFIZBITS NICCD fEH]
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WgeEE - st e 5 - BBE IR BRI E FiEEHoRA L TORESSH LT (informed consent)

UUTFZEIT>7.

1. F—HIE . UT2IME LT, OFE GHR) Okl X OWFMm (HER) . R, OBROER.
KE, K. IE BEE A S%HE THE, VIE - 805, BHERE (AEHREEET), 1k -
HHTERE, SRELKHEEAIR GIE. HFRY). 4IRS, OFEROLERN, FR. KB, FH M
B, Apgar score, FEREE (FRIITN) & ORXE EUEE) OFM. FE, k. /E. ZEE.
WA, BREE, WA - BE, BEARE, SRBKEHEIR OkiE. #F2E). FAENES O, @, @bt
DEFTRCHE LOARA~OEEEII & B AR & Wk Uiz,

2. SEATISIE : EEBLOOTRHIRMLE WL 35he CERB L. LSRR FEEF R C— b FE ST E1T o7,
B0 SIHRTE ((2000) LT, FEEOBRENES o b BB R EEESIR R BRI v #
—TICP-MS 2T, $a(Pb), TV FEL(Sh), v A Mn), I FI YA, =2,V bk (Co). HESR
(Zn), 7KER(Hg) . M (As) 22 OISR L B (BLUREM) DOREZRIEL,

He _
BEE CIE SN 116 BT —& OBEHESHILITO@E 0 IcET 5, 5% ICP-MS OFEREE L DT
DL FETH D,

L ERKRUEYREOEAT—F

HE BNl R R} RYEmE
HFOENR 19 40 27.96 4. 257
R OIEIRATRE 41.0 73 53.435 5. 7984
RO HERHAE 50.0 94.0 68. 967 9.1139
HEOEE 136.0 173.0 161. 495 4. 9509
AFDOEND 20 48 30. 39 5. 149
RPEDIEE 51 135 73.16 11.991
REDHE 161 189 174. 46 4.731




2.

3.

4,

5.

R R VB RE DA BBIET AT —¥
H H o] [y
WJEERR »Ho 114(98. 3%) 60 (51. %)
L 1(0. 9% 51 (44. 0%)
ZEIERE Y 67 (57. 8%) 55(47. 8%)
2L 48(41. 4%) 60 (52. 2%)
BRIERE HY 113(97. 4%) 31(26. %)
2L 2(1. %) 80(69. 0%)
FAAKERR  AcBEk 52 (44. 8%) 61 (52. 6%)
FFA 1(0. 9%) 0
H7KERDIK 51 (44. 0%) 49 (42. 2%)
Ry bR MK 9(7.8%) 2(1. ™)
43O HY 99 (85. 3%) 66 (56. 9%)
2L 11(9. 6%) 44(37. 9%)
EFROFE HY 66 (56. 9%)
7L 49 (42. 2%)
THROIEIR - 45ifsE
I H HY 2L
AREE 20(17. 2%) 92 (79. 3%)
JREES 39(33. 6%) 76 (65. 5%)
HREIERARE 99 (85. 3%) 7(6. 0%)
SRS DRREE 49 (42. 2%) 61 (52. 6%)
SRS CHBR & OBl 6 (5. 2%) 108(93. 1%)
SEURITNNEE & DEEih 2(1. 7% 113(97. 4%)
R RENOBRIHE 1(0. 9%) 114(98. 3%)
HAEROEART—F RS, BiEs74, ZHES94THY, ETHERMERFEZL,
HA B/ME BKfE FHfiE R 2=
PR OEM 32 41 38. 44 1.343
PrEROKE 1200g 4840g 3261. 68g 544. 745g
FERDEE 41cm 52cm 48.97cm 2. 233cm
B IR DTER 32cm 37. 5cm 34. 659cm 1. 2852cm
AR oo 30cm 38cm 33. 306¢cm 1. 815cm
i R Ry
O Apger FFHH 9 10 9. 99 . 105
EEVEREE
HE HY 2L
Bl 3 ENOPIEE 49 (42. 2%) 63 (54. 3%)
EENOE 9(7. 8%) 106 (91. 7%)
FERROITS 9(7. 8%) 106 (91. 7%)
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EEFBA DL 35EH 47(39. 5%) 68 (58. 6%)

A IEEOMEA 81(71. 9%) 33(28. 4%)
PR A O 50(43. 1%) 64 (55. 2%)

B4R

1 FEEUET : W50 - ATERERE L AR, TRIR88(7), 1970-1974, 2006
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3. WEETF : FAER - NEOWMBTROFIREDTHE L £ O, 755€88(7), 18961900, 2006
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— A REEHSBREE—

RP7O7TOI Ny P ORIEDS FREEGEFHRNT

MEERE  HEF T

AABFSEREE  RBRT ML RFERFELRE SR
MmEERE R OB

TEBTERE BRI

E B

T xz=n b VRIECPKUNIHIER AR 7 Y —= 0 712 & 0 R CLERE, BETFRW. 18RS
RENTWVWS, B4 O PKURGTRHI S AT At 1) GCclamp 7T A v —% AV /= WAVE %87 7 7 2 v M
WHBERELZBREx7 Y UV ORH, DUEBEZ IV VDI A VI P — I 2V AR LD BEFERORE, 3)
multiplex ligation-dependent probe amplification (MLPA)IEIZ L A R RERDRIEZITo T 5, SE., HAEET
== NT T = KB EEER(PAH)RBEERE 179 B OHHHRERTIL, ¥V — 7 =V R TREBETFER % 343/358 %t
MEBEFIZ, MLPABIZ T 7 V2 5&6 DREER % 2/15 S8 EFIZFE Lz, 61 BEOEGFERASE
OFRER)TRETZWRIL 6% Th o7, FEIEFERBE TIX 349370 M LBEF(94.3%) CREFERZRE
Liz, BHEICEELRBGEFERITLEFEL TV IR ZOHEIIRR>TWe, (72, PEENOREEFER
RBRo> TV, PCPhe BOREIZL BT == VT F=UIFKT R b Tl in vivo PAH EHE  (®CO, D RFEEIX
R, CRR%) 1388 L IER PKU BE, ~TafREE, TLTEF a2y be—VORBETHERERER>TW
Too BER PKU TRXT bS5 & R A 77 U V(BH)IIERTE invivo PAH TEHEIZ LA LT PAH 27EM#{L LTz,

Key Words 7 x=/A7 FNUREE, 722V T 5=V KBRMUEER, U4 TT Y v, BEFH#EIF. BET A b

# F:

7 == b RIEPKUNIIFIBD 7 = = A7 T = VKBLEER(PAR)D RBIC L - TRIET 5 B afksHiHE
BEREBTHD, FERTRARZ V- T2 BHIRR L BHBROBER. PKU TORHERNREEHS
OIERIT TS, BIFR&EE%E L > T35, PAH FEHIIEICIFECRER L, REL-CHBMEFMRTIIRD L
NNz &5, PKU ORZENL PAH ORIE TR | BEREORENEROEEEZZ T HAOF 7 ==1T T
SUVETRERTVWS, PKU ITEBREBEONMT 7 2= AT 5= lE 72T SV ERFERNORERS
7 == )VT 7= VISEHPA)D HERER] PKU, S8 PKU L X OEEERMONTEY ., BEA L SEMER
ALNZENTWS, BERZEHREBEEITPN TWARWPKU CRIBEOEEELZHEETIZ LIIEFCEETDH
5. B FRHOBNO—DIXEREEEDHETH D, 4E, B4 id#H L\ PKUBEEFRWN T R T L2
L. BAREEBRE 1798150 THHT LTz, 972bb, 1) GC clamp 77 A v —% /= WAVE 27 J 7 A
¥ MENEOHPLOW XD RE S Y OB 2)UFT I Y DFA VI b —F UV ADS I L HBETFE
ZOFE, 3) multiplex ligation-dependent probe amplification (MLPA)IEIZ X A REZERDRAEZEIT-o-TWSD, 7=
SNT TG UMK T A BT invivoPAH FEMEZRIE L, PKU OEERRERM L BEEFROBMGR, T 5k Fut
77U (BHy) DORIGHEIZOWTHRE Uiz, PETEEBE 185 LI W TRITEZEN T LR bH Y
THET 5,

HE|EHE
1) PKU O {=F#EHT

- 31 —



mH7 2= AT 7= (EHRED 23 Sme/dl LLEO B ATE(E PAH RBERFE 179 4/358 SHILBEFIZOWT
5347 U7z, DHPLC ¥ Tid 40bp ® GC-clamp 7*F A = —% F{lIC AT, 13 =7 /% PTC-200 Thermal-cycler
TPCR IRAR L7, 95C 5% C denature L72%%, 45 43fT25C~27 —V > 2 L7, DHPLC #3#7iZiX WAVE
system (Transgenomics, UK) C{To7c, ~T 2T a—F by 7 A%R LTS V% PCRIEEERK L%, GFX
purification kit (Amersham) CHit} L, dRhodamin Terminator Cycle Sequencing Kit % FiV T ABI PRISM 310 genetic
analyzer THHr L7z, BEFEREZRE TE 225 o o4 > 7/Vi3 multiplex ligation- dependent probe amplification
(MLPA, MRC Holland)¥&Z T43#7 L7z, DNA 100ng % 98°C T 5 478 denature L 7-%%. SALSA probe mix & MLPA
buffer /M % 60°C 16 B THNA T Y XA ¥ A a3 Liz, 54°C 15 4T ligation L7=%. 6-FAM TEM I
75 A =—%FNZBWT PCR HiEE K L7z, TAMRA TI L L7=NEY A XEH(TAMRA-500, ABD% &
FA LT ABI-377 gel sequencer T43#r L7z, PETEME PAH KRIBIEBE 185 £4/370 F3LB{EF 12OV VT single-strand
conformation polymorphism CHEFERDOSH BTy Y v ER I V—=v T Lietk, V—7 =V RAfET LT,
TEBFERRI V—=v T

2) Zx= VT F=VEKT R b

PAH RIBAE 20 B (B 11 A, 1235%). 6-ENRANT b T v FurT U AREEE (PTPS) RBE 241, ~
TREE 45, EEay ba—u a4l onToHF Lk, PKUBEOWIRIL, i PKU (E/RERREO
Zx=AT T UE>1.2mM) 213 4, BEER PKU (0.6-12mM) 2% 6 #i, #RGER HPA (<0.6mM) 73 1 fiIT
bHotz, BC-7xz=7F=r (PCPhe, 10mgkg, HAE 200mg) ZPIARE. 0. 10, 20, 30, 45, 60, 90,
120 SR EZER L, BESHEF (Breath MAT Plus; Finnigan MAT, Germany)iZ T 2CO,, 2CO, ##IE L7z, BH,

(10mg/kg/H . FKE 200mg/H) #FFKR7 X bai3 BEEARA L BL KGR F =y 7 L, BRT A T
ik, 1) FERF O 2CO, XT3 BCo,0FIE % ABC (%) T LT, 2)&EEhi PC-Phe ®H b 120 53D
FEE Iz 2CO, & LTHEH & iz B % RFEIINE (CRR,%) % invivo PAHTEMEDIBE L L,

% B
1) PKU D& {=TFHEHT

PCR 7 A = —IZ GC-clamp 75 A =—%{#/ L7 DHPLC OHEROH %K L IZR Lz, =7 Vv 12 @ R413P
ERTIX, BETIA—RFERALEES ANV E—IDEIC 1 KD peak KR TE BT ThH o7l
GC-clamp 77 A = —TRINT BT a—F Ly 7 APRLFET 27V y 7 ABROEF 2 KO —7 BB TE,

E—ZHERAREIC o T, Dy ) BV TH GCclamp T A v — R FEHT 5 Z L CTHETFEROHFE

PARBCRHTER LSRR oT, KICMLPAIE TS VY 5&6 REERBPBRHLUEERER 2R LE, 2
Y=Y UV B L TREER T Y 5 L6 TAE - BHALMNETFT LTV, L
T, ZOEMEEZHETD Eay hr—L® 04~0.6 Tholz,

B ATEfE PAH RBERE 179 L OSHR TIHL. %R DHPLC ¥é& v — 7 = VAT TREFER%E 343/358
MBI FIT, MLPA HRIZ T Y YV 5&6 DREER%E 2/15 HIBEFICAE L. 61 BEOEBEBTFER(S
BOFHER)TREFRHERITI 6% TH o7, FEEEREF D 185 £ 0K TiX 70 BEOBELTFER(S ED

GC-clamped

Normal/Normal  Normal/R413P primer =
*

a

O R s [ T iy
J Il e | 1

S
v

uh Il

1 DHPLCISHIT5GC-clamped primer DI ® B2 MLPARI=HIFBT V586K ETROKRE




FHRER)CRETF BRI 349370 IRETF (94.3%) Thol, EELRBEEFERIE R243Q, EX6-96A>G,
R111X, Y356X, R413P TENENDIEEIL 222, 11.1, 8.7, 6.5, 6.5%ThH o7,
2) Zx= VT 5=VERT A b

BO#%kE &hi- ®C-Phe BAEKITFCRBENERPTIC BCO, & LTHHEN S, EF v br—E~Tafi
K TiX ®C-Phe %57 20-30 512 APC D & — 7 {H% 7R L ,42.3%0 (28.7- 53.4%0) & 27.2%o0 (21.1-32.5%0) T o7z,
—7, WS X UMREER PKU TiX AL 3CEIHMEL . B—2 biR& o7z, BH, ARE., BER HPA OFER
AL SCEIFERICIEM L, 20-30 5312 ¥ — 7 {H 24.5%0% R L7z, BIER! PKU HRIBRIC AT3CEEML v —
7 { 8.87%o0 (3.8-21.6%0) % 7~ L7z (K 3)

WA PKU, BER PKU, BER HPA, ~7 n{REE, E¥ a2 be— LV OFH T CRRIZARICRR ST
Wie (®4), BHLLARIZ X VEER PKU (441 & HPA (14]) TCRRIZ2.6M%EF LS, & PKU2 Fi
TIRZEOLAZRDRENoT, BH, ETHF 7 2= VT7 7 = UED 2mg/dl LLTiIZar br—rIh T3
PTPS RIEJEHRHE 21D CRR iX 5.88% & 19.0% ThH o =,

ERAEE PKU BEOBMGTFRIZ, BERER (L52S, R24IC, R408Q) L HEMEROEE~T S HT,
BRERY HPA X R241C DR EHESETH o7,

5 B

ZHE T PKU TR C 450 BEU LOBEFERBRAE STV (http:/www.pahdb.megill.ca/), A7
L FETOLETFRET T, ThTh 61 L 70 BHOBRGETERPRESIN TV S, HEOZVWEERKE
FERE (R111X, IVS4nt-1, EX6-96A>G, R241C, R243Q, Y356X. R413P) IIWEICILAL TROLND T &
B, BALPED PKUBGBFOZNEN 67%E 63%%E 5HTWD, AARANLHEATIE PKU BEFEE
EHEIGEEILTVAR, BREKBAD LD LIERRS>TWE, ThbDIZ &b PKUBKRFEROKLDOFR
ARFITELS,. BAEEINTLURE, MABICSBETIHITHS LRIINS, SRIAE SN EBETFERT
X R241C. P407S, A373T, Al32V, L52S, R408Q DEERIIPAH EMEABRFEL TV LERIsh, D&
FERZEFTHBREIX mildPKU b L < X mild HPA BE Th o7,

T2 VT TR T A R TIR ORES Sz BC-Phe i3/MBA HIRIN & Hu, FARZ BB L CRATHIRR I B
Ehb, FFHIRANO PC-Phe X PAHIZ L DV RBEN, FrY Y, 4—E FrX U722V EALEVBERT,

-~ Control PS
patient 1 f——— 5.88% :
= Carrier pnlelmlgu - ~
50 - — —|-o~ Mild HPA c"”'ﬁ‘ . x : 19 %
~0~ Mild HPA* BH; YITXRIAX :
R413PNVS10nt-14
<3

-~ Mild PKU R413P/R413P
R413P/

40 | 77X | =0 Mid PKU+ BHg [iyitis )
—&— Classical PKU

0.29:014%

3P
R: nV84nt-1
R‘ ?;I'RZQO

t-1/72781

ekt

R413P/E6nt-98a>g
D416H/T278I

Mild PKU

Del586/L628

R413P/R24

LUk

-

13+0.14% 295+ 114 % :

%
“ HN"H

femaanc 274% > 1.22%
RITIX- _ = 10.3:1.0%

O - - 7 ;

0 10 20 30 45 60 90 120 Control subj - 154:1.5%
Time (min) 7 ~

<.

0 5.0 10.0 15.0 20.0
Cumulative Recovery Rate (%)

B3 7z L7S=—VUBRKRTAMCEBETS
1300,/12C0, DAEERIZEL
HA47zLT7 S UBRAT AR MIBITERREUER



BHAIZ BCo, & LTREHICHEE SN, FEET A b Tk, HRRAHREESCMEY 7Y VT D X 5 iefH
RS BERLELEP, W 2BMOREDY Y VI TRTTEEDIZ, BEECLMBEVELITIZ L
MC&D, 7==AT7=VERT A FTO CRREIE, 4R L& 5 ICH#E PKU 2 H8EER HPA £ T
HEELTWD, ZOZ LIZPKU DERRREENREZICEHTHDILL—K L., PKUBGFERDOLKRMEL —
BLTWS, BE, APNRICBNTH20 AOBETISORLRIBERTFEERFBDOLNATNS,

K7 A bOFERTI, Thfh, HitA PKU, &FES PKU L BER HPA BEIX, 1%<. 1-1.4%, 2.4%D
FEICERAZD CRREZTRTLTEY, #IZ CRR D OBERBERMEZRECE D LEL LN, Kure HiT X VEBE
B PKU TiX BH, B EI LY, MPT7 2= 7 S EHMET T2 EBBESNTVS Y, Bx DERT X b
Tit CRRI%ELEDFEF], T7bb, BYER PKU, RFER! HPA SEFIIC BH, RISHENRRD bhviz, PTPS XIBE
BIRLRER HPA OET R FORBENSMHP 7 2= VT S ERZRBFICa Y br—L T 57290 CRR O
HEIL 5-6% & Ex bhiz,

LSEOWFFECIL, BRRRE, LT 2 b, BEFHO 3FIIFBET—HLTEY ., RF—EHliZ2d o7,
PKU DRKEBRE L BEFROBEESHRE ? Shbi b, TORZTOF—EABRSHEREIL TV,
FERT A MIBKRRBABICEEZ EXSBERTOI bREFRREOTEEEREBRATHI LB TE, BRIK
REULBEFHOF—BHIO LY HERLRFCENTH D, BRETOZOREKRT A EFA LI-ERRRE
& BEFE O BN Tl Treacy & ¥ RIFEKT X M L ABRERRE L BEFRHOFR—K, Flo~T a{fEET
DAR—EFIZHE L, Mutau 5 Y OIFKT 2 2 AWVWERHFCIX. BER PKU ThHhoTh., . RLEET
ERETHoTH BLIREETAHE L LRWEERHB EHE LTS, ZOREE LT, PAHJIOERL &
HIZ BHIOER L LTO BH, OEEN~DRINEOBEEZE, REEZEDTHE. BT IHILERDH D,
T2 VT T = VIRKT A bk, PKU ORGERE!, BH, KM PAH RIBEOZW . BXL U BHLEEROREIH
ZhThHhdEEX BN, PKU TIHRERIMICERRER & #EFRICEEERRD b, PKU OERKERZHE
LTWABDITEGFETHDILEVWIZENALNTHE, LOLARBL, ZOXR—BHIHFEL, [MHHMI0E
ABEELTVBER, ZORFIZOVTIHEWEE+SICHALA TR, ZOFERIEH LWRRE~DARBI
RAFREERDH B,

BEIM -
1) Kure S et al. Tetrahydrobiopterin-responsive phenylalanine hydroxylase deficiency. J Pediatr 1999;135:375-378

2) Okano Y et al. Molecular basis of phenotypic heterogeneity in phenylketonuria. New Eng J Med 1991; 324:
1232-1238,
3) Treacy EP et al. Analysis of phenylalanine hydroxylase genotypes and hyperphenylalaninemia phenotypes using L-
[1-13C] phenylalanine oxidation rates in vivo: a pilot study. Pediatr Res 1997; 42: 430-435
4) Muntau AC et al. Tetrahydrobiopterin as an alternative treatment for mild Phenylketonuria. N Engl J Med 2002;347:
2122-2132
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—HPEFGHREE—
BHRISHEFHAY D 8—E DY BROBREY X5 B

m R E K & K @&

BB % B AEKEERR -4
PEMEERERRE £ ¥

OB % B TEERSEREE MR - 52

2E

Helicobacter pylori (H. pylori) 7P BXEIR ERMMRICESE T D &, CagA B A pylori b BHEEL
BHBEA~NEEASN, EERNTCagh BF v vl VEMEE T, HIROERESHMEICEER&E %
HOMIREPNBY o BMLBER SHP-2 L EE T 5, Ei. cagd BInT1T SHP-2 HEEHALIC—E LM
PRLU, BE7 OTHRIZERNLRES 2580, /T PT7RID Cagh 1IFCKEUZ L~ SHP-2 & OFEADSFRV
T LERD, 5, Cagh DZEIDBRNBERELZHBTT 2D, BEECEORRLZ7OTHIR (B A
A 10 Fxf, fE:43.7, 8:18.2, FE:36.7) DEHED Cagh ZREF L=, REHKETCHEKROET
ERT PTEID Cagh Th o 723, B TIXB R D 6 £k (14. 3%) 13X Cagh FatE T, 8 £ (19. 0%) 2SER AT,
28 #% (66. T%) M7 ST HID Cagh Thr o e, BT M TIL, KT U7 H D Cagh 2 HT BHROBLA
BT, Cagh BRMER URCKEL D Cagh 28 T 2R OBLRFI R BRREFEESFRILBE Tho 7,
Liedso T, RT7VTH Cagh (I BHRER R OCBRBICEE TS Z LREZ DN,

Key Words  Helicobacter pylori, B¥s. BB 2. Cagh

®E -

H pylori 3@ R TARD50%LL EIZET LTV BB BRIEEROR VVBEBRIYETH ) VIBEB L.
B - +_150518%. B, B MALT (mucosa—associated lymphoid tissue) J A RE L& L D%
BIZBE LT3, 81 : ESLTH pylori EWSBEMOEERBRRICEY., HFEORLIEELHE
LFREBNECEION?

—F. POTHEBZ A prlori BERIIBLAXTEWZ G210 bT, A pylori BENEE LT
EULBRABDOEECHEERISEIICLI Y KEX L BRo T3, A pylori BYIEE L OEENRED b,
H. pyloriiX 1994 FICHAREEE LY 1 HOBBERFIIREESN TV, LarL, BFEFRICE
72 H pylori B LB BEREOA Y XLiT, #2~23 LECHIBIZL Y KRESEBRS, BE,
BE, PECREBEOBENMBED TRV, 74V, ZA4, 4V FRIUTTIEED TEW, M2 .
ES3LT H pylori BRBR—BFEWTFCTICEVWTCBEOREER7OCFTHEICEVWTELSD
"7l

ZDH pylori BRYDIREBOREZ, 3%). ” Ethnical enigma” 2B EMNIZT B Z N, A pylori
BEOREHBRICORN D LEZDND, A pylori BHITERIT 2 ZNORBDSERMEIZ. A pylori
DEOSHEENEE L TWAZ LMNEL NS, KB, A pylori IKITBREBEFEEPEBD TSN &M
AL EI, A prlori BHRIZE T A RABREMENRBITINTE CWAE, A pylori D /7 Ak, ¥
WL Y RE S BEK 160 FA b 173 FHEES (KIEEOK 4%ICMHY) LERD, ZOZ Lo
B TRADNRVEHEEAIRESETH S, A pylori BRRTER « AR T IRELERER
FTIEbEb LT, HEOYBENHREFMRIOLEIZL Y, BEFOLEMNRED B, BEFOHE
MEBRESER-TVWS, Zhit, BVWEEGERELZED, SAEMED DNA RBAIhRT VDL



EZDBNTWS, 1997 FEIZIIA XY RADBRBENLOBESNTZ A pylori ¥R 26695 DY ) LD
L ERFINERE SN, 28 1667867 HEXT T 1500 DBAF AR Bz, WVVT, 1999 LFIZiXT A
Uh O+ ZHBIEEREN DB IN B J99 05 7 AOLEEEFINFEE S, 2F 1643831 &
F3T 1495 DBEGF VRO BN, ZD 2 DOFEHRETIE. 7/ 2EBEIZLED Lo/ b D TH o723,
6~7%NDBRIEFHENTNORIZERN Tholz, ZOEWVWR, BRETTHEBIEEL WS, Th
ZFROBEDEWVZEE L TNE LEX DN TWA, A pyloriitt MO BRI fGRAYIEEE URS
LTW3, LEEdo>T, B hOZNETOBENLKIZ, A pylori bHIER EZBELTE LB N
B, H pylori DF ) LEFERTBE H pylori DY ) ADSEMEDSFN, ANEDBIERHE & —
ETHZENRINTERE, TRETHRAESHOER 370 #HRIZBWT, 8 DDBEFERBT(7 2D
EEETFLRERBET CTHIMRERICERERT rvacH BEREFIZHFT L Z A, HAFD
H . pylori B#RIZEIZS DDIIN—TQ 2DT 7 VAR, 1O2DT PTHE, 2003 —v v ¥R IZH
TONZZEBB|EINTND, Frx b, LIEL R 7 7 FrO%E L OERFEIZL V. FERLRER
BiTol b ZA T UTHOBEEERDE, i BRBWZ LIZ, A prlori DEFITULAOHEEER
BFEV D, vacd R EOBRBEFICERBOBORRENWI BB D N, ZTOZ LT BIZ A
pylori WS U ZFACBEFEREBZTIET TR, H pylori D4 BBRIERCRGF OEBERNR/ER
EYBIRMZERERECTE TR I ERRREND, LEN-o T HIZEROKE WEBEFITRK
HEIZBEE L TWA I LREZOND, Fio, H pylori DX ) MIIAESE H pylori Db O TRV
REDOEEBEFHNTFEL TS, ZNIIREERGER EE< 077 ARMEICEBLIZHAZTH Y.,
INLOMETIE. ZONRMEEEFHE2EOIL THREMZ2EETIZLBARBDLATEY, Z0
BIEFHYREEIEFHE (pathogenicity island, PAI) L BEATWB, A pylori Tit. BWEEFD
— O Th HMIRERLERBFEE A (Cagh) DELET cagd BT D PAI WIZALE L TR Y | cagPAl LFET
NTW3B, H pylori D cagPAl MIZiX, BHEANLEEIN~ BERZZOTIOR THHET S IVELS
WEBZERTIEGCTHFELTND, Fxid, A pylori PERE ERMRICESET S L, IVE
RWEEBD H pylori DFEED O LR~ Z XTI 5 IKRERS Y, ZONEZEL T Cagh
M H pylori b ERMENA~NEEAESNR, EERICEASNZ CaghA iXTF v v ) VEMEE ST, b
kN ERMBRD Y T FIRERERET S Z L EZ R THD THLNC L), i, BRME LR
ATTFr Y VEEEENTC Cagh 23, MIRRODOS{LOBIEICEERRE L H > MRENMK U B{tEER
Src homology phosphatase-2 (SHP-2) & #EMICHS L. MROERFEEITIERTA I LERALE
(2), EBIZ, Cagh ODF IV VBMEEAL L 23T I/ BEH| E-P-I-Y-NEF— 7 2RETH &L &
HiZ, VBT U EBEEE T Cagh @ SHP-2 FEEEFIZAL M Uiz, Z 0 SHP-2 FE5SEFIERAL
IZ—F LT, Cagh KAFREIMPROLN, KEKHETOTHRHLERKED 2023 b, BT VTH
D Cagh XKD Cagh IZHE~R SHP-2 &£ KD ERHER L. L VRVWEYEREZRET LI LHFBHDLH
=3, LiedsoT, BT UTEID Cagh #FT 5 H pylori \ & BEEGRT., HHEMENE S MisEE%
M<AEL, BHRERRUERBICBETZZLAEL Db,
KRR A pylori BRI XD BRBICBITIER-FEZPLE LERT T OREMEZHLMIC
TAHIELEENE L, BARLPETEBRECEORRZHIRICIS T, A pylori BBROEE-EE-R
BEREER. B4 E. A pylori DIRRETF Cagh D43 F LT LKA & DEBRE RIS FANT 8T LT,

WNREHE -

FTEEHR 65 #R (BYEBRER 36 Bk, FHEEK 20 ), THAEER 67 4% (BMEFE KRR 428K, BHR 25 1K),
RUHE 20 (BHEER 155, BBKS ) O cagd BEETOBRERFIZIRET 2 & & bICHBEFD
FENT 24T o7z, TR D Thao Ping [ERIZFFAFEIZ 2007 £ L A D 3 7 ARB~WLUFEKE BA
BRD cagh BISTHTOLBEITolc, Fio, BIRMARE DR 2006 459 ALAREZHHE L, Hithod



MREF L DM T Hpylori B L BBIZOWTOPEE BERDEWVIZOWTER L. Jun Gong #dZ &
Jia Ai [EERA 2007 E 3 BizskB L, PED H pylori BILOHR L SHBOBEIZSDWTHER LT,

BR:

EERRUPREROESTIIET PTHO Cagh Tho oM, WETIXE KD 6 £k (14. 3%) 1% CagA f&
PEC. 8 #R(19. 0%) DIERKEY, 28 #E(66. T%) BT VT HID Cagh Thotz (F1), BHEBLRK T,
T VTRIOD Cagh 2 H T DHRDBEBNII T, Cagh BRYERUBKKEID Cagh 8 3 DBEOBELBIZ
HRBHEERENFEICBE ThoTz, BRHAZ LIZ. RENDEEBRETRUNEDIZLA LD
BBHRBET VTED Cagh #F LW e, Fiz, WEO+ZHEGREBHE 11 ¥, BEHK 135D cagd
BETFOREERSIZRE L, REBEIT2To 25, BERBRET DT OMERE L, +245
BAARIEERK OBEIZMIB T 2 Z e RSz (K 1),

ﬁl:@g@é@aﬁ%

B 4 B etk B %5 B Sk
CaghB&tt HR7O7H WokBl CagAfatE HET7 VT BCKE
FCfE 0 36 29 0 29 0
T8 6 28 8 0 23 2
PE 0 15 0 0 5 0

O Sl R 1)

Wastérn cluster [

was<dawwawozgﬁ
ol .‘: B e ..,.. »e .. ..':._.v .é"" .9-4: o ':_‘.- ..; .
s
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e

FRFHNZE Y, RTVTED Cagh 2855 Hpylori B L BE L ORENTER SN, FIStL L
T, D BB CTHCKELD Cagh 2550 2 BkD, E-P-I-V-ABRV R UM ZRELIZE 25, 1#HiX
A-BC-C & CA2M[E, b9 LERILTABCCC L CAIERYRENGERIKE TH - T, BKEID
Cagh T% SHP-2 ARV IBENTWS & SHP-2 L DESHIRL 2D, W7 PO7E D A-B-D 12
WBIEETBBDEEZDBND, LMo T, Cagh & SHP-2 L OEAD BREEHR VO BERE ORI
572 Z ERNTRREI N, WRENBARTRS BBOBENENERHD 1 & LT, UEOHEK
DEVWREELTWE LELXBND, Tz, PR EHETIE, BBEETTHERBEEL VI BLo
TIRRBIZB W T, B LTW3 A pylori DEMNERB Z ENFR ENT-,

BEXHR :
1. Asahi M, Azuma T, Ito S, Ito Y, Suto H, Nagai Y, Tsubokawa M, Tohyama Y, Maeda S, Omata M,

Suzuki T, Sasakawa C. Helicobacter pylori CagA protein can be tyrosine phosphorylated in
gastric epithelial cells. J Exp Med 191: 593-602, 2000.

2. Higashi H, Tsutsumi R, Muto S, Sugiyama T, Azuma T, Asaka M, Hatakeyama M. SHP-2 tyrosine
phosphatase as an intracellular target of Helicobacter pylori CagA protein. Science 295:
683-686, 2002.

3. Higashi H, Tsutsumi R, Fujita A, Yamazaki S, Asaka M, Azuma T, Hatakeyama M. Biological
activity of the Helicobacter pylori virulence factor CagA is determined by variation in the

tyrosine phosphorylation sites. Proc. Natl. Acad. Sci. USA 99:14428-14433, 2002
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— BFE¥ BRI EE—
TOTANBIT S EHEBIRECERBEREFTHOLOHD
HepA 2K vV ERBREESHE XEHE

MEERE  #H BEE
FMBHE A5TBREXFEREZRVIAREERFHE
ELEMEE T BF

BB WIIKREEARRE AR BER

e & .
R =R

PR MR I I BIARRE(LE DS SIS HEIT T 5, FIHERFARBBRLMETIIZO ) 27 NIEFICHL . BHED
=% b X 5E P Framinghan Study (20 LA L BRI HHRELE TV B BRFEEO = F— MF%E) AL
BTHFZE (1961 LIRSV TV BN KZOZEERE) o bHLNTH B,

—F., EEAFRY v VEGRICR P L REBREBRICER T R BBV EBAANTEREERTWS,
AEEBAFEFREFEH L PENRERKFZEROTFHRHTIL, AEIIEHEDOA IR v 7 EFEH
REBERD R BV EBHRIENT, L L, BERBIN TV 2 ZETEEL, WHO (EERREHEE) ok
BEHE, NCEP-ATPIIT CKE = VAT u—#E5E) Ik 358, OF (BEERFES) & X5 EENE
BAICR<MONTWAN, PERITEHERFAZESICLZ2ELE, RIS ZRCL2DHEREZMBIZED
TWD, BLRIIN—RLTHLIANERY, KO VTR MR EOEENRRL D%, BRATHIDUELE
T &0 S E ST R Y DERHB Z LML N TS, |
B =

TOTERERIZIADBIEFICEZ. BIENICHREREER? O BECK L IINRVERS LIC, BIEFOELE
THHORZBVERAMONTNAIT bbb T HEFRIEIDRY, B, BEZSOEREHREFTTA
R v VEERERFTL, TOREBEZALHI LIEREZFICEKMICER L TEXTY,

B ok .

ARRETIIME 600~700 £ T OOEBEEE B L.

1) 4TEHOBUIERE (NCEP-ATPIIL, IDF, FE, BAR) KX B AFKRY v 7 ERHZEETZRITT 5, &4
DBEER. BHE. AR, MELXE). BMI, EESLHRIFL. DEEEORKE. 77 A~OEGHE
T 2,

2) RIZAZRY v 7 EFEHRBEARETFERRERET (PAI-1) PPARa, v. A RY A b4 U ZH/E
BEFOESERNT 5, EREBEOLMANVEL TR by USHE BRa, B DER, RUF L7
I—2 P450 TA Y 7+ — LEDORMEREROBCFREOMREINTZ. Zhdb LD, #ESNL TV BEK
KETUTREODANFEHAZRY v 7 EFEHRBEHFRETCEETI»EROEEE XD,

3) RICBFEIZOVWTEKHERNVEVOEENLE XS, BIb, BRFETRDOND X OIT. AREZEO.LOLE
BOY R PREFICEL BRIEND, EERLEVBEEEENFRIES LTV AEASVERE LT,
BEAZRY v 7EFERIERAISN TV EFZEERETD L L bIC, RAFFUVRAL 7475 —1
BA, BEEERESETHIELVWDOEZREIT S, Fiz, HRT IZ2OWTHE 12 A RS XKE OF ks
£ ORBR T, HRT I & Y @t LR &8 (THD) RN 50% LA Fiz722 0, BRKTo HRT EHHERITH 40%
IZE o7z, LaL, 99 FEREROD HERS TiX, IHD BAEICEIT 2 IR FRHICR LT, 2001 FERKEKD WHI
Tit, BF LM ({BL BMIZ8, mMLEIAEE 40%) @ IHD —RFBHICH LTHADMERRD LN T, X
ETIX HRT OFHREITIIBE Lz, £0XRIZ, FEFETHEZENE LT/ AT o A RICLS
TR bu FAERAOHRE., BFRIRICE T 2 REROEMTH 24, BETIROLRERO AFEZES
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EZBLHRT 2452 BHBRETIFRHIEHLEE LY, 1L, 2) TBITBEKKETOT & OHGHE
EPRA LT, BERLVE L DRE~DFS, ORFEREICONTE Y = Z VM E O RAE
BNBFEERLHHLEBZ TS,
B R
PE (A, B#H) T678 4. AA(BWE) T 629 & DRARE &tk (48~83 5%) DR . B, (B » b,
BT - BRAOEZAERRKTE Y —HITHEZITo 2B R E Lis,) 77— MIFIE U HRRER
Mz, FRKE. I ORE., BHERESHEETM,. VoA VKBS LHEMEHEE L7, HRT EITHR
XEA 4%, FEO%Tholz, PEREICTHMPRE XD ZEFRVE VEERITED 1o, BRI
FEX Y, S, EB, BB EEREMEN 0T, A FRY v 7 EFRBEX, NCEP-ATPIII, IDF, F[E,
AZAOELET, PEMN 27.3%. 37.3%. 23.3%. 13.7%. AA[X 12.5%, 15.9%. 11.1%. 5.9% Th o7z,
BEFETCIIPTENMIR, DNA OWEMNFEH LZELTRY, ERAMFETE LT AT LAEBE LK,
miep8E L LTERB V BF-Leiden TR, Fu b Py 620210 TEE BEBEEE-plasminogen
activator inhibitor-1EBfEF%5. PIRHLEERE-eNOS. Estrogen receptor e, B%. {AHIESE-PPAR e % 17
D SNP 2T LI LT W53, 7TUTHENFEELBOSMETR LI, PAI-1,ERa, eNOS FiZER,
BRADZEEZRDIBEMICHVEEL TWD, BMIIEICY A bbA 2 (Adiponectin, IL-6) FbHIToT,

1. PPAR alpha L162V 2. PPAR gamma Pro 12 Ala
3. PAI-1 4G/5G 4. TNF alpha -380 G/A
5. ADIPOR1 -8530 G/A 6.ESR alpha  Pvull; Xbal
7.ESR beta Rsal(1082 G>A); Alul (1730 A>G).
8. Factor V Leisen 9. Factor VII

FEH:

BONTRREZINETHLNZ RS TWVARKTORBLEEBE L., 7TO7 AMCEDRBITERBFLHEA
BRIZHBIRAZRY v 7 EBFEHOIRRIEOHEL 2D T,

% & (BEsEa0)

1: Hayashi T, Esaki T, Sumi D, Mukherjee T, Iguchi A, Chaudhuri G. Modulating role of estradiol on arginase II
expression in hyper-lipidemic rabbits as an atheroprotective mechanism.Proc Natl Acad Sci U S A.
2006;103:10485-90. (press release)

2: Hayashi T, Matsui-Hirai H, Miyazaki-Akita A, Fukatsu A, Funami J, Ding QF, Kamalanathan S, Hattori Y, Ignarro
LJ, Iguchi A. Endothelial Celiular Senescence is Inhibited by Nitric Oxide —Implications in Atherosclerosis
Associated with Menopause and Diabetes. Proc Natl Acad Sci U S A. 2006 ;103:17018-23.

3: Ding Qungfang, Hayashi T, Matsui-Hirai H, Miyazaki A, Fukatsu A, Iguchi A, Ignarro LJ. Risks of CHD identified
by different criteria of metabolic syndrome and related changes of adipocytokines in elderly post menopausal
women. J Diabetes and its Complication (in press)

4: Osawa M, Hayashi T, Nomura H, Funami J, Miyazaki A, Ignarro LJ, Iguchi Nitric oxide (NO) is a new clinical
biomarker of survival in the elderly patients and its efficacy might be nearly equal to albumin. Nitric Oxide.
2007;16:157-163, Epub 2006 Oct30

5: Miyazaki-Akita A, Hayashi T, Ding QF, Shiraishi H, Nomura T, Hattori Y, Iguchi A. 17beta-estradiol Antagonizes
the Down-Regulation of Endothelial Nitric-Oxide Synthase and GTP Cyclohydrolase by High Glucose: Relevance to
Postmenopausal Diabetic Cardiovascular Disease. J Pharmacol Exp Ther. 2007;320:591-598 Epub 2006 Nov.2

6: Hayashi T, Nomura H, Osawa M, Miyazaki A, Funami J, Matsui-Hirai H, Iguchi A. Nitric oxide (NO) metabolites
are associated with survival in older patients—comparison of its efficacy with established markers. J Am Geriatric

Soc. (in press)
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BEREPEICET S, HHEERORENZHCEICAET HRERE

BAMRIRE

B R E K 4 BE FEE
BAD R ARBERERFD
FEMRIFAEE

R E K4 KR DA

TEBF R B PEREES

C-3=1

BEY : BEREZHIET 5720, FEbOFENICRIT 5 8EREOEREEL B & 15,

Fik . BAD AL FEOINIHEOSHE (RERbLST) B FEbERENRE L, Tof#
HICERWFRELZFE L, SEL ) ERKL REEHG 2B, ZORESHERICESLTHLL N
B LT, LEBRRUORBEOFECRBRIEOFEOFEER. 2.5 ENEE DEESFENT
BE DA EOEEREE, 3.F &b OREREOEERICET 3 F & b OREERIREE. 4 HRE0E
AN BT A RBORERIRICET 3, RIS L OLEIcRIT 2RELZEREE & L, SH
B & DBSEZ DT LTz,

R BEROWEL, RESEIHICE O T BAOREBEVEIS ThH o7 (p<0.01), BEOCRHEROER
Y, AARDOREOBBESRENSE OB TH o7 (0. 01), REOBERL, AL hEOEERIzE
iXehote,

FEHORFICET A HEERTIL, BARITSZEES Y OF T, REBRVELREDHIHICE
WEIS TR b (p<0. 05), FEIE. FREROERB TEORD biLD bR hol,

e« AARKIEDOWIEEDOR SHFRO O, BYEERIET 5 Z L 35T APEHE bEE IRV L E
2B, FPRBLE bICHETTF &b DORICEEZTTo TV DEM 0% EZBD b, FE ORI
TOBYEZT 2 REEOBREPSLETH D B2 D, T, FIBREPO B CIIBESR)
FE CERRIZRAERNH D, FELOZEESEIESI, ORI 2 EREDZER
e EELT| FIREMREEATERENPNETHD EBDbhD

Key Words ME SEEUE [HEHET =R

1 %8

DHIEOWYERT, [FRK 17 FLE L 7 BYEE FHE | N LD LA BHEOFEIYERIT 458% T,
ANZAEOEAERT 13.8% L W HERIZR o TWB, (-, FEOESERIIEME 66.9%., it 4.2%
ThHD 2, RIT, BAROHETIIZ ORERFEASIEY, 2002 (Fk14) FiTiL, 3,126 fEATHRIFESE
- ITBMERIZ R LTV 505, BN 40 4R L BT 5 L4 2 fEOERFEASR & 220, A HRE T
WEZHERRIIE S OERETH TH D, FETIL, HEILZ DRIRFEASUTE 16430 fBATH Y R T
BROWEERLBR->TVD D, ZIihd, BALFEOREN KB EREE THD Z EIMEL 5,

WiT, WECERT AEREEILTEFR 2 I8T 5 T3, Muller 28 1939 4E(ZRHE & ffids A B4
DEEENBIEE D 9, 2005 45 Doll & DFFEIZIB T HRYE & flins A% 28 FED B ATISIT B EHE SR~ 5
T3 99,
S5z, BEMIZECERGEELHEINTEY 0, BASCEMEINES - wmEEIAD L3 Mk
BOMENRINTRIY 0, REBIYE LIFP L - RBOBEEMSMAZ S,
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ke, WEIZADICLEELT, BE~OEBLEESN TG, HRESOREYEL | SHYE
EHBHY, REEROTOES bFENSEINYE L Lith o, [SHAKEROTEEES 7, LsRsesk
FEER: (SIDS) - X BTN LR HiE SN TN,

INHDOZ LHOEYET, REBES R D NIZERIEE BT, FELRDBORE REFRFEND
b SNBTREENEZ BB, =9 LcEnnhT, brERHEICRT 8YEREs 2fT 5 L,
REBRBEIC B SRS SN,

KA~ OEE & BIEREERIFIET B0, 78 b OFENICET 5 2SBS0 EETES
Beg& Uiz,

IR EHE
1. &S
AAD A& PEDIFUAEEDSHHE (RFEHET) 108D F& b DFREE  CEREGIE L =
ERA)
2. FREHE

Tk 18 FEEPICHEORENSE I, FE L VERKL RIEHE2EMR, TORSIHEICKES L
THHWEMI LT,
3. ELFEENR
OFEER - BERLRXBOES - IBREORE
OMBEREE - FENOWREEOFE - FENOZEIEORR - BIEE OWEETET
@F &b DEEERER
- FEBICET HHIERDRI
(RINE, WE. 7UVAX—, RRHADER, 7 he— BEmEREER, RS 85
DIER, FEND-L Y, WRERDIER, TOMDIER, HEREORE, SkOKE, /R, 8
BRI, fllR & DRMROEIER OFE)
@ORRRIB LUK T 25RE
- F U OMHRRAZBIT A RER DOBYE
- AN BEYERR
B L CERMZEITo 7
4. HHE
HREOEREOERE  FEAEC X 2 FEbORFEREAIER L, S OICHEOMREC X 2REER
A T3,
SPHTIX. BEHRIT Y 7 o7 —D SPSS #ER L., x2BREEIToT-
5. MR LOmE
AWGEY, FRERAE LOBELERE D2 Y ZBELNICTHHIATV ., BENSEOBADE
BE NHEZSF O BEABROBY BCH L, BEICERRITY, o, ZOBEDHAZFEE LY
FiLL, TROBLNEEOHIERmEIT oI,

&R
Yk 1847 A 1 BHREE 10 A 15 B £ Gz BitVE R A B LEINZ Ef L7, BATIX, 2000
955 2002 EEEA TN THRHE (REEL ST 7R 9756 AZRSRICFHEZITV 583 A(59.8%)ENY
L. FETE 2000 £05 2002 FEAEN THHEERR 1021 AZRBUTAEZITY 632 AGLI%

B L7,
F L OMERNL, BAITEME 297 A(60.9%). Zoit 286 A(49.1%) Th - 7=, FEIL, Bk 358 A(6.6%).
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#ctE 274 AN(43.4%)Th o7z,

BEROFERL, BARDOTEIFEL 3391 4.3 5., 21 B0 D 46 R CThoTlr, PEDFEEEESL 329137
e 225D 49 R Th o7, RKBROFHERT, BAOEELRIT 35.6 5.1 5%, 23 50D 64 5% Th
2T, FEOEIEEL, 354144 5, 26 D 59 B ThHo, . BELUIDORIBFIESHE]
AL, BAE 109 A(18.7%), HEIE 99 N(15.7%) Th o7z,

BRI IT DBEIL, BAYE 59 A(10.1%), FEIL 1 A0.2%)THY . FAHITIL, BAIL53
NO.1%)., FEIiT 1 A0.2%) & SHRBCREFLINC BT 2BUERIT A ADRHRSE EIS THh o 7-(p<0.01),
BEDORROBEY, BA4L96 A (16.5%) . FEIZ 60 A (0. 9%) & BARDBEOIERRE EIESTHoT-
(p<0. 01) , BB C1, F £ b ORTCORMEL, AATIZ 29 A(33.3%), FETIZ2 A(33.3%) Tholz,

ACBLOMYERY, BAIE 283 A (48. 5%) T, FEIE 305 A (48. 3%) & HHER|Z2E1T 2o T, BUEERTCIL,
FELDRTTOBRYEL, BT 8T A32.6%). FEiL90 ABL 1% THorz

BEORE L RBFRE SO FENTOBELE NN SEETE, BANT 322 AG5. 2%, FEI 318
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——Novel Pyrrolidine Derivatives as Candidates for inhibitors against Intrahepatic Metastasis of
Hepatoceliular Carcinoma
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Abstract. LY52 is a caffeoyl pyrrolidine derivative designed to fit S°; active pocket of gelatinases that act in
tumor invasion and metastasis. Here we examined the effect of LY52 on angiogenesis and the subsequent
invasion and metastasis of human hepatocellular carcinoma (HCC). Anti-metastasis ability of LY52 was first
evaluated in the pulmonary metastasis of B16F10 murine melanoma cells in C57/BL6 mice. Growth inhibition of
LY52 on tumor cells was assayed in the human HCC SMMC-7721 tumor xenografis in nude mice. Vascular
endothelial growth factor (VEGF) and vascular endothelial cell marker CD34 expression were also evaluated
immunohistochemically in the SMMC-7721 tumor xenografis in nude mice. Tumor microvessel density (MVD)
was quantified according to immunohistochemical staining for CD34 in tumor xenografts. Furthermore, effect of
LY52 on angiogenesis in vitro was tested in the chicken chorioallantoic membrane (CAM) model. LY52 showed
an inhibitory effect on pulmonary metastasis of B16F10 murine melanoma cells in C57/BL6 mice without
significant toxic effects. The growth of SMMC-7721 cells in nude mice was significantly inhibited after treatment
with LY52 for 4 continuous weeks. Immunohistochemical study showed that VEGF and CD34 expressidn in the
tumor xenografts were suppressed in the presence of LY52. Accordingly, MVD was significantly decreased in the
LY52-treated group compared with the control group. A dose-dependent inhibition on angiogenesis was
demonstrated in the chicken CAM after incubation with LY52 for 72 hour. Thus, LY52, a caffeoyl pyrrolidine
derivative, would be a lead compound to suppress intrahepatic invasion and metastasis of hepatocellular
carcinoma via inhibiting proteolytic activities of MMP-2 and MMP-9.

Key words: Caffeoyl pyrrolidine derivative, LY52, human hepatocellular carcinoma, invasion, metastasis,
SMMC-7721 cell line, angiogenesis, matrix metalloproteinase

Introduction

Hepatocellular carcinoma (HCC) is one of the most common forms of malignant cancer, especially in Asian
countries. Recent progress in the diagnosis and treatment modalities has improved the prognosis of patients with
HCC. However, the long-term prognosis remains disappointing because of the frequent recurrence and the
development of intrahepatic metastasis of HCCs in 16%-65% of patients. The intrahepatic metastasis is mostly
caused by the portal vein invasion (PVI) of HCC, which eventually results in the spread of cancer cells into the
liver. PVI, the first and the key step of intrahepatic metastasis of HCCs, is initiated by extracellular matrix (ECM)
degradation and determines the prognosis of patients with HCCs. As HCC is a highly vascular tumor, the



progression of HCC is greatly related to active neovascularization, which helps in the nutrient and oxygen supply.
Angiogenesis, the process of forming new blood vessels from existing ones, requires degradation of the vascular
basement membrane and remodeling of the ECM in order to allow endothelial cells to migrate and invade into
the surrounding tissue. Thus, degrdation of basement membranes and ECM might closely correlate with
angiogenesis and intrahepatic metastasis of HCCs.

Gelatinases, including matrix metalloproteinase (MMP)-2 and MMP-9, play an important role in
degradation of basement membrane collagen type IV, which is associated with tumor invasion and metastasis.
Active MMP-2 and MMP-9 were proven to be the major enzymes responsible for the high gelatinolytic activiy at
- the invasive front of HCCs. Therefore, regulation of MMP-2 and MMP-9 is important in the development of
novel therapeutic strategies against angiogenesis and intrahepatic metastasis of HCCs.

Three-dimensional structure analysis of MMP molecules showed that the S’1 active pocket in MMP-2 and
MMP -9 is deeper than that of the other type of MMPs such as MMP-3. This has provided helpful clues when
ﬁsing structure-based design strategies to discover novel MMP inhibitors that selectively block the activity of
MMP-2 and MMP -9. We have previously reported that some caffeoyl pymrolidine derivatives, which were
designed based on a lead MMP inhibitor CGS27023A, were potential gelatinase inhibitors and suggested that
LY52, one of these caffeoyl pyrrolidine derivatives, might suppress tumor invasion and metastasis via selectively
blocking proteolytic activities of MMP-2 and MMP-9. But the effect of LY52 on tumor angiogenesis has not
been studied. In the present study, we examined the effect of LY52 on angiogenesis and growth and metastasis of
human HCC SMMC-7721 cells.

Materials

Reagents. Caffeoyl pyrrolidine derivative LY52 (Fig. 1), white power, N
insoluble in water, was designed and synthesized as described previously. o ® ~
The compound was dissolved in dimethylsulfoxide for in vitro assay and in mc\oI:’/\/u\g i
5% amylum for in vivo study. Monoclonal antibody against vascular E’JKCT
endothelial growth factor (VEGF), monoclonal antibody against CD34 and  Fig.1 Chemical structure of LY52.
peroxidase-conjugated affinipure goat anti-rabbit IgG were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). White chicken eggs were provided by Institute of Animal
Sciences, Shandong Academy of Agricultural Sciences (Jinan, China).

Cells and animals. Human HCC SMMC-7721 cell line, which simultaneously expresses both MMP-2
and MMP-9, was provided by Shanghai Institute of Cell Biology, Chinese Academy of Sciences (Shanghai,
China). B16F10 murine melanoma cell line was purchased from the Institute of Materia Medica, Chinese
Academy of Medical Sciences (Beijing, China). Female C57/BL6 mice, 5-6 weeks of age, and female Balb/c
athymic (nu+/nut) mice, 19-22 g, were purchased from the Institute of Experimental Animal, Chinese Academy
of Medical Science.

Results

Inhibition of pulmonary metastasis of B16F10 melanoma cells in C57BL/6 mice.



Anti-metastasis ability of LY52 was evaluated in the pulmonary metastasis model of B16F10 murine melanoma
cells in C57/BL6 mice. As shown in Table 1, LY52 significantly reduced the number of pulmonary metastatic
nodules of B16F10 melanoma cells in C57BL/6 mice after continuous treatment for 3 weeks.

Inhibition of the growth of SMMC-7721 cells in nude ... 1 ErectofLY52 0n pulmonary metastasis of
B16F10 melanoma cells in C57BL/6 mice.

mice. The nude mice inoculated with SMMC-7721 cells were o ica- ik vweght Lig wight—FocPing b

treated with LY52 for 4 continuous weeks. Tumor weights of _™*) ©® © @ m
. e 0 10 225+28 043003 88617 -
each group were shown in Table 2. The inhibition rates by 50 25 9 23131 0122001 650:12.3* 244
] S0 10 217421 0124001 49.1%113* 435
and 100 mg/kg of LY52 were 23.6 and 34.1%, respectively. 100 10 213136 002002 353102 602
Carboxylates 7  182+41 0133002 686%144* = 226
Inhibition of VEGF expression in SMMC-7721 tumor
Table 2. Effect of LY 52 on the growth of SMMC-7721
xenografts. VEGF expression in SMMC-7721 tumor tumor xenografts in nude mice.

. . . . . Dos: Mi Mice weight  Tumor weight Inhibition
xenografts was immunohistochemically examined. As shown in (mg;g,; (:)e e(g) @ (%)
Fig. 2A the inhibition rates by 25 and 100 mg/kg of LY52 were @ & DA e 8

100 6 217421 1.45+0.96% 34.1
32.3 and 52.3%, respectively. Carboxylates 6 232+4l 153112+ 226

Carboxylates, 100 mg/kg. *p<0.05 vs control group

Inhibition of MVD-CD34 in SMMC-7721 tumor
xenografts. Tumor MVD was evaluated by immunostaining
for CD34 expression in SMMC-7721 tumor xenografts. LY52
significantly inhibited the CD34 expression in SMMC-7721
tumor xenografts in nude mice. As shown in Fig. 2B at the doses
of 0, 50 and 100 mg/kg of LY52, CD34 expression rates were

42.1%6.1, 34.9+2.8* and 28.5+3.1% respectively (*p<0.05 vs pjg, 2, Immunohistochemical staining of VEGF
control) (Fig. 2A) in the SMMC-7721 tumor xenografis in
) nude mice and CD34(Fig. 2B) in the vascular

Inhibition of angiogenesis in chicken CAM. As endothelial cells of the SMMC-7721 tumor
xenografts (Original magnification: X400) with

shown in Fig. 3A, dramatic vasculature with intact structure was  LY32 treatment at 0, 25 mg/kg, and 100 mg/kg.
visible in the CAMs of the control group. LY52 significantly
inhibited the angiogenesis in the CAMs after incubating for 72
hours. In the doses of 1 and 10 pug/0.5cm2, LYS52 slightly
inhibited the blood-vessels growth and branching (Fig. 3B and
3C, p>0.05). In the dose of 100 pg/0.5cm2, vasculature density

was significantly reduced and vessel structure disordered with

the main vessel branches intervening, tortuous and attenuated
(Fig. 3D). At the doses of 1, 10 and 100ug/0.5cm2 of Y52, VI

was 92.8+1.9, 74.2+2.1 and 59.11.3% (p<0.05), respectively. ~ Fig 3 Cf%}f g{WL}; 55;&;’;0 anglogenesis, ’0'}

filter papers containing 10 ul of different doses
. . of LY52. Eggs were sealed and incubated under
Discussion constant humidity for 72 h incubation. CAMs
were collected and the vessels were counted as

described in the method.

HCC cells possessed gelatinolytic activity, which was
significantly and closely associated with cancer invasion to the capsule and also to the portal veins. Gelatinases
especially MMP-2 and MMP-9 play an important role in regulating processes of tumor angiogenesis, invasion
and metastasis. LY52 has an inhibitory effect on the proteolytic activity of MMP-2 and MMP-9 in carcinoma
cells. Thus, the present study focused on effects of LY52 on angiogenesis, growth and metastasis of HCCs. First,



examination for anti-metastatic ability of L'Y52 in vivo was performed with pulmonary metastatic model of
B16F10 melanoma cells in C57BL/6 mice. Oral administration of LY52 significantly prevented the pulmonary
metastasis of B16F10 cells in mice devoid of toxic effects (Table 1). Then, Human HCC MMC-7721 cells,
simutaneously express MMP-2 and MMP-9, were selected to inoculate to nude mice to form tumor xenografts,
and the effect of LY52 on the growth and angiogenesis in tumor xenografts was examined. LY52 significantly
inhibited the growth of MMC-7721 tumor xenografts (Table 2). The angiogenetic activity is reflected in the
development of novel microvessels in tumor tissue that is quantified by the intratumoral MVD. Previous studies
showed that high tumor MVD-CD34 was a significant predictor of tumor recurrence after resection of small
HCCs < 5 cm. VEGF is one of the most extensively investigated angiogenetic factors. Increased expression of
both VEGF and CD34 enhanced the adhesion of tumor cells to basement membrane and the release of MMP-2
and MMP-9. Thus, VEGF expression and MVD-CD34 were used as predictive factors of the response to
anti-angiogenetic drugs in our study. Immunohistochemical studies showed that LY52 significantly inhibited
VEGF expression and MVD-CD34 in SMMC-7721 tumor xenografts (Fig. 2). LY52 was also found to directly
inhibit angiogenesis in the chicken CAM assay (Fig. 3). These results showed that LY52 inhibited angiogenesis
both in vivo and in vitro, as well as growth and metastasis of HCCs.

LY52 was designed to specifically block the activity of MMP-2 and MMP-9. Thus, our studies suggested
that L'Y52 might inhibit angiogenesis in invasion and metastasis of HCCs via blocking the proteolytic activities
of MMP-2 and MMP-9. The metastasis of tumor cells is a multistep and extremely complex process in which
many factors participate. LY52 can not be involved in the full process. However, our preliminary results
suggested that Y52 might be a better candidate compound for anti-invasion and anti-metastasis of HCCs at

present.
Parts of this study were presented as follows:

1. Qu X, Yuan Y, Tian Z, Xu W, Chen M, Cui S, Guo Q, Gai R, Makuuchi M, Nakata M, Tang W: Using
caffeoyl pyrrolidine derivative LY52, a potential inhibitor of matrix metalloproteinase-2, to suppress tumor
invasion and metastasis. [nt J Mol Med. 2006; 18 (4), 609-614.

2. QuX, YuanY, Xu W, Chen M, Cui S, Meng H, Li Y, Makuuchi M, Nakata M, Tang W: Caffeoyl pyrrolidine
derivative LY52 inhibits tamor invasion and metastasis via suppression of matrix metalloproteinase activity.
Anticancer Res. 2006; 26r 3573-3578.

3. Liu J, Xu WF, Cui SX, Zhou Y, Yuan YX, Chen MH, Wang RH, Gai RY, Makuuchi M, Tang W, Qu XIJ.
Inhibition of human gastric carcinoma cell growth by atofluding derivative N3-o-toluyl-fluorouracil. World J
Gastroenterol. 2006;12, 6766-6770.

4. Tang W, Yuan Y, Tian Z, Xu W, Chen M, Cui S, Guo Q, Gai R, Makuuchi M, Nakata M, Qu X: Inhibition of
active matrix metalloproteinase-2 expression and tumor invasion and metastasis by caffeoyl pyrrolidine
derivative LYS52. 11th World Congress on Advances in Oncology and 9th International Symposium on
Molecular Medicine, October 12-14, 2006, Crete, Greece.
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Abstract

Oxygen-sensitive, voltage-gated potassium channels (Kv) may contribute to the determination of the
membrane potential in smooth muscle cells of the ductus arteriosus (DA) and, thus, to regulation of
contractile tone in response to oxygen. Developmental changes in Kv during gestation may be
related to dilation of the DA during fetal life and closure of the DA after birth. This study investigated
developmental changes in the expression of Kv in the DA and compared it with that of the pulmonary
artery (PA) and the aorta (Ao). The role of gasotransmitter NO on the expression of Kv was
examined by administering a potent nitric oxide synthase inhibitor, Nomega-nitro-
L-argininemethyl ester (L-NAME), to a pregrant rat at day 19, 20 and 21 of
gestation. The DA, PA and Ao were isolated from fetal rats at days 19 and 21 of gestation (term; 21.5
days). The expression of Kv1.2, Kv1.5, Kv2.1 and Kv3.1, putative oxygen-sensitive Kv channels which
open in response to oxygen, was evaluated at both the mRNA and protein levels, using quantitative real-
time PCR and immunohistochemistry. In the Kv family smudied, Kvl.5 mRNA was
expressed most abundanfly in the DA, PA and Ao in both day 19 and day 21 fetuses. Although the
expression levels of Kv 1.2, Kv1.5, Kv2.1, Kv3.1 did not change much with development in the PA and
Ao, in the DA they .decreased with development. L-NAME (10mgkg) did
not cause any changes in _the expression of Kv 12, Kvl.5, Kv2.1, Kv3.1 in the DA in ciay 20
and day 21 fetus. The role of NO in dilating DA during fetal life may be minimal in the near-term fetal rat.
The decrease in the expression of Kv channels may enhance DA closure after birth by

eliminating the opening of Kv channels when oxygen increases.

Key words: Ductus arteriosus; Development; Gene expression; Oxygen;

Potassium channel. Gasotransmitter



Introduction:

The ductus arteriosus (DA), a vita] artery connecting the pulmonary artery (PA) and aorta (Ao) which
diverts blood from the PA to the descending Ao during the fetal period, constricts in response to the
increase in oxygen (O.) tension in the blood at birth. The responses of blood vessels to changes in O,
tension vary depending on the location of the blood vessels and on the developmental stages. The isolated
small PA relaxed in response to an increase in O, tension, whereas the isolated main PA showed no
response or only a slight constriction after an acute increase in O, tension. The isolated Ao showed no
response to an increase in O,-tension. However, the DA isolated from the mature fetus constricted
markedly in response to an increase in O, tension.

Potassium (K) channels play a major role in maintaining the resting membrane potential of
vascular smooth muscle cells, thus regulating vascular tone. It is known that some voltage-dependent K-
channels (Kv) in arteries are O,-sensitive. The opening of Kv channels in vascular smooth
muscle cells causes membrane hyperpolarization, inactivates voltage-gated Ca** channels, and decreases
the intracellular Ca®* concentration, leading to vasorelaxation.

Only a few studies have reported the expression of Kv channels in the DA and there is no report
of a study comparing the expression of Kv channels among the Ao, PA, and DA with advancing
gestation during fetal life. As the DA closes while the PA and Ao remain open after birth, there might be a
difference in the expression of oxygen-sensitive Kv channels between the DA, PA and Ao.
Therefore, our aim was to determine the expression of Kv channels in the DA, PA and Ao at different
gestational stages at the mRNA and protein levels.

Nitric oxide is known to dilate vessels including DA. The role of gasotransmitter NO on the
expression of Kv remains unknown. It may .stimulate the expression of Kv, thus causing

vasodilation during fetal life.

Materials and methods:

‘We used fetal rats at days 19 and 21 of gestation to examine the developmental expression of Kv1.2,
Kv1.5, Kv2.1 and Kv3.1 in the DA, PA and Ao. Total RNAs of the DA, PA and Ao were isolated
from pooled segments of 240 day 19 rat fetuses and 140 day 21 rat fetuses. The total RINA was reverse-
transcribed into ¢cDNA with random hexamers and MultiScribe™ Reverse Transcriptase (Fostacity,
CA, U.S.A). The real-time PCR reaction was conducted with a Premix Ex Taq Kit (Takara Bio) using an
ABI PRISM ™ 7300 Sequence Detection System (Applied Biosystems). For each sample analyzed,
¢cDNA copy numbers were calculated on the basis of the results of the
standard curve of the same run. The Kv c¢DNA copy numbers were normalized using the
calculated GAPDH ¢DNA copy number of the same sample.

Tissues of the DA, PA and Ao excised from both day 19 and day 21 fetal rats were fixed in 4% cold



paraformaldehyde for histoimmunochemistry. Rabbit polyclonal antibodies (anti-Kv1.2, anti-Kv1.5,

anti-Kv2.1 and anti-Kv3.1) were used.

Results:

The expression of Kv1.2 mRNA in the DA was less than that in the PA and the Ao on both day 19
and day 21 (Fig. 1). In both the PA and Ao, expression of Kv1.2 mRNA in the day 19 fetuses was similar
to that in the day 21fetuses. In the DA, however, the expression of Kv1.2 mRNA in the DA of the day 21
fetuses was less than that in the day 19 fetuses. In the day 19 fetuses, the expression of Kv1.5 mRNA was
approximately equivalent in the DA, PA and Ao. In the day 21 fetuses, the expression of Kvi.5 mRNA in
the DA was less than that in the PA and Ao .

In both the day 19 and day 21 fetuses, the staining of Kv1.2 was light in the DA, moderate in the PA
and intense in the Ao . In the DA, the staining intensity of Kv1.2 in the day 21 fetus was lighter
than that in the day 19 fetus.

The role of gasotransmitter NO on the expression of Kv was examined by administering a
potent nitric oxide synthase inhibitor, Nomega-nitro-L-argininemethyl ester (L-NAME), to a pregrant
rat at day 19, 20 and 21 of gestation. L-NAME (10mg/kg) did not cause any changes in the expression
of Kv 1.2, Kv1.5,Kv2.1, Kv3.1 in the DA in day 20 and day 21 fetus.

Discussion:

In this study, we have demonstrated, for the first time, developmental changes in the expression of
Kv1.2, Kvl.5, Kv2.i and Kv3.1 in the DA, PA and Ao in rat fetuses at both mRNA and protein levels.
Quantitative real-time PCR data showed a lower mRNA expression of Kv1.2, Kv1.5, Kv2.1 and Kv3.1 in
the DA in day 21 fetuses than in day 19 fetuses, and these results corresponded well with the resulis of
protein expression detected by immunohistochemistry. The decrease in the expression of Kv channels
in the DA may reduce the opening effect of Kv channels when O, tension increases.

L-NAME (10mg/kg) did not cause any changes in the expression of Kv 1.2, Kv1.5, Kv2.1, Kv3.1 in
the DA in day 20 and day 21 fetus. The role of NO in dilating DA during fetal life may be minimal in the
near-term fetal rat.

In conclusion, the decrease in the expression of Kv channels, which open in response to oxygen,
may enhance the DA closure after birth by eliminating the effect of the opening of Kv channels

when oxXygen increases.
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Table 1 #4540

£ FEBIEK %)
0-9 2 0.8
10 Bt 61 23.7
20 mAR 80 31. 1
30 =M 39 15. 2
40 =R 27 10.5
50 ERAX 27 10.5
60 A% 16 6. 2
70 ®mAX 3 1.2
80 mft 2 0.8

=t 257 100

[ZAGBRIA]

RBEH, &% B, RFR—Y, EZFTBHOIEICL RO LN (Table 2),

Table 2 ZERHE

ZGREA FEFIE (%)
RIBEHL 100 39
- B 80 3l
A= 36 14
AT oA 26 10
DAt - R 15 6

&t 257 100

[EITERAL - SEFIK]

BV CIETHEEEINE L L o724, 2003 FEICHMARARMNEZR SN2 %IT. L5EE.

BE. REE

B2 EOFREEEITOEMMBRD bhviz, £, THICHEVEFSOBMMAERD bhviz, (Table3, 4, 5),

Table 3 ‘EHTERAL

(2000-2005)

BITEAL EFIE %)
THEEEH 176 68
LEEE - BHEET 50 19
B SHEYT 11
SFEY
REEE
NG

1l 257 100
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Table 4 ‘BEITERAL  (2000-2002)

BHTERAL SEFIE (%)
HEEI 88 80
LEHE - BEEW 14 12
FR DB 4
REEE 0
E5ET 3
~EA 1

E 110 100

Table 5 -BITEAL (2003-2005)

FHTERAL FEFIE %)
THEEH 88 60
L5EFE - HmEET 36 24
BESEHE 7
S5FY 4
REEETT
N 6 4
Bt 147 100

z =
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Abstract

Alcohol consumption is a probable risk factor with regard to colorectal neoplasm. Genetic polymorphisms, aldehyde
dehydrogenase 2 (4LDH2) Glu487Lys and alcohol dehydrogenase 2 (4DH2) His47 Arg, which have a strong impact on alcohol
metabolism, are common in Japanese population but their significance for colorectal neoplasm remains to be clarified in detail.
We therefore conducted a case-control study with 224 asymptomatic colorectal adenoma cases and 230 population-based
controls matched for age and sex. After adjustment for sex, age, BMI, smoking status, drinking status, exercise, multivitamin
consumption and family history of colorectal adenomas or cancers, the ADH2 Arg allele was found to be associated with
increased risk, the odds ratios(ORs) being 1.41 (95%CI: 0.92-2.18) and 2.40 (1.00-5.78) for the His/Arg and Arg/Arg genotypes,
respectively. Whereas no significant association was found for ALDH2 genotypes. In heavy drinkers, having ALDH2 Lys+ with
ADH? Arg+ showed ORs of 8.39 (1.69-41.54), compared with non drinkers, having ALDH2 Glw/Glu with ADH2 His/His. In
conclusion, the present study suggests the polymorphisms of 4DH2 and ALDH2 can modify the influence of alcohol

consumption on colorectal adenomas risk.
Key Words colorectal adenomas, drinking, gene-environment interaction, ALDHJ, ADHD.

Introduction

The majority of colorectal cancer is thought to arise from adenomas, Alcohol consumption is a probable risk factor with
respect to colorectal adenomas and colorectal cancers®. This increased risk might be caused by ethanol via cocarcinogenesis,
induction of DNA hypomethylation, or tumor promotion, but might also result from its metabolite acetaldehyde, which was
qualified as a probable carcinogen to bumans. Alcohol is oxidized to acetaldehyde by the alcohol dehydrogenase enzymes
(ADHEs), especially by ADH2. Acetaldehyde is further oxidized into acetate by aldehyde dehydrogense enzymes (ALDHs), and
this oxidation owes much to ALDH2. Encoding genes for these two representative alcohol-oxidizing capabilities and drinking
behavior. Regarding ADH2 Arg/His, the 47His allele represents a superactive subunit of 4DH? that has about a 40 times higher
than the less-active Arg/drg from of ADH2. As for the ALDH2 Glu487Lys polymorphism, the 487Lys allele, encodes a
catalytically inactive subunit. Individuals with the ALDH2 GlwZLys genotype have only 6.25% of normal ALDH2 487Glu
protein; indicating a dominant effect of ALDH? 487Lys. The ADH2 47His and ALDH? 487Lys alleles leading to high
acetaldehyde concentrations, are clustered in East Asian populations such as Japanese and Chinese. Therefore, these two genetic
polymorphisms modify the drinking habit and are expected to affect CRC and colorectal adenomas risk. However, rare
evidence is available for the combined impact of ADH2 and 4ALDH2 polymorphisms on colorectal adenomas risk by alcohol
drinking,

The primary aim of this case-control study is to investigate the impact of ADH2 and ALDH2 polymorphisms on colorectal
adenomas risk. We also evaluated potential interactions between the two polymorphisms and alcohol consumption with regard



to colorectal adenomas risk.

Materials and Methods
Subject selection and data collection:

The participants and data collection method for this case-control study have been described previously in detail®. Briefly, 224
colorectal adenoma cases (159 men, 65 women) and 230 healthy controls (160 men, 70 women), frequency matched for age
and sex, were recruited. Detailed information on demographic characteristics, personal medical history, usual physical activity,
cigarette smoking and drinking habits, intake of multivitamins, and history of colorectal adenomas or cancer in the first-degree
relatives were collected by trained interviewers. Alcohol use was categorized into never and ever use with consumption of
<30 or >30 ml of ethanol per day.

Genotyping of ALDH2 and ADH2:

DNA of each subject was extracted from the buffy coat fraction. Genotyping was based upon duplex PCRs with the
confronting two-pair-primer (PCR-CTPP) method *. Briefly, four primers for the ADH2 polymorphism and four primers for the
ALDH?2 polymorphism were mixed in a 25ul volume with 0.2mMdNTPs, 0.5U of AmpliTag Gold DNA polymerase and
2.5p1x10 PCR buffer including 15 mM Mgcl2. The results were confirmed by the PCR restriction fragment length
polymorphism method using MsII for both polymorphisms.

Statistical analysis:

Differences of characteristics between cases and controls were assessed using the Chi-square test. The Hardy-Weinberg
equilibrium was checked with the Chi-square test. Unconditional logistic regression analysis was employed to estimate the odds
ratios (ORs) and confidence intervals (95% CIs) for the association between genotypes and risk of colorectal adenomas.
Adjustments were made for matching variables (age, sex) and for possible confounders. Covariates were identified as
potential confounders by examining their distribution by case-control status. The covariates were included in the model if they
changed the ORs by more than 20% or significantly changed the likelihood ratio statistic (p<0.05) on univariate analysis. All
statistical tests were two-sided and differences were considered to be statistically significant at p < 0.05. All analyses were
performed using SAS software, version 8.20 (SAS Institute, Inc. Cary, NC, USA).

Results

Demographic and lifestyle characteristics of the 224 colorectal adenoma cases and 230 controls are shown in Table 1.
Differences were observed in the distribution of cigarette smoking between cases and controls (p = 0.001 for males). A
signiﬁcéntly higher proportion of cases with a family history of colorectal adenomas or cancer than controls were found (p =
0.01). There were no significant differences in the distribution of sex, body mass index, drinking status, vigorous exercise, or
multivitamin consumption between cases and controls.

Table 2 shows genotype distributions for ADH2 and ALDH2 and combination, and their ORs and 95% CIs for colorectal
adenomas. The genotype frequencies for all the polymorphisms were in accordance with the Hardy-Weinberg equilibrium in
controls and allele frequencies were also in accordance with earlier reports in Japan. Significantly increased risk of colorectal
adenomas was observed with Arg/Arg relative to His/His (OR: 2.45; 95%CIL: 1.06-5.66; trend=0.005 for model 1), whereas no
significant elevation of risk was observed with the ALDH2 genotype alone. In the analysis for combination, compared with
subjects having ALDH2 Glw/Glu with ADH2 His/His, age-sex adjusted ORs and 95% Cls for those with ALDH2 Glu/Glu and
ADH? Arg+, ALDH2 Lys+ and ADH2 His/His, and ALDH2 Lys+ and ADH2 Arg+ were 1.32 (0.81-2.16), 0.79 (0.49-1.29), and
1.56 (0.92-2.61), respectively. A model including confounders showed similar association.

In Table 3, the impact of combined genotypes on CRC risk stratified by alcohol drinking is presented as ORs adjusted for sex,
age, BMI, smoking status, drinking status, exercise, multivitamin consumption and family history of colorectal adenomas or



cancers. In heavy drinkers, having ALDH2 Lys+ with ADH2 Arg+ showed ORs of 8.39 (1.69-41.54), compared with non
drinkers, having ALDH2 Glw/Glu with ADH2 His/His. '

Discussion

In present study found subjects with ADH2 Arg allele had a higher risk of developing colorectal adenoma than those with
ADH? His/His genotype, and also found that high alcohol consumption most markedly increased the risk of colorectal
adenomas in subjects with ADH2 Arg allele and ALDH? Lys allele. '

Previous epidemiological studies also reported a significantly higher risk for colorectal cancer and esophageal cancer among
Japanese with ADH2 Arg allele, compared to those with ADH2 His/His genotype™*~. There are possible explanations for the
effects of ADH2 on carcinogenesis. The high risk ADH2 encoded by ADH2 Arg allele might be exposed to lower dose of
acetaldehyde following heavy alcohol drinking for hours. Especially, individuals with both the ADH2 Arg allele and ALDH2
Lys allele tend not to experience alcohol flushing, and diminished intensity of the aversive flushing response has been found to
be positively associated with daily alcohol consumption ©. Subjects who consumed alcoholic beverages and carried susceptible
genotypes experienced a increase in risk of developing colorectal adenomas, much higher than those who were non-drinkers
and did not carry susceptible genotypes of ADH2 and ALDH?2.

The ADH2 Arg allele might, under certain conditions, increase the risk for colorectal adenomas via mechanisms of the
interaction between genes and drinking behavior. Our present findings can provide additional information about the role of

alcohol on colorectal adenomas in Japan.
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Table 1. Characteristics of cases with colorectal adenomas and controls

Cases (%) Controls (%)
(n=224) (n=230) P*
Sex
Male 159 (71.0) 160 (69.6) 0.74
Female 65 (29.0) 70 (30.4)
Age (years)
50-59 77 (34.4) 58 (25.2) 0.11
60-69 116 (51.8) 135 (58.7)
70-75 31(13.8) 37 (16.1)
Body mass index (kg/m2)
<20.0 27 (12.1) 29 (12.6) 0.06
20.0-24.9 134 (59.8) 158 (68.7)
25.0- 63 (28.1) 43 (18.7)
Cigarette smoking (pack-years)
0 70 (31.2) 124 (53.9) 0.001
1-20 38(17.0) 38 (16.5)
>20 116 (51.8) . 68 (29.6)
Drinking status
Never 79 (35.3) 104 (45.2) 0.09
Ever 145 (64.7) 126 (54.8)
Moderate drinkers (<30ml/d) 83 (37.0) 71 (30.9)
heavy drinkers (30ml/d-) 62 (27.7) 55(23.9)
Exercise
Yes 140 (62.5) 134 (58.3) 0.36
No 84 (37.5) 96 (41.7)
Multivitamin consumption
Current 53 (23.7) 45 (19.6) 0.57
Occasional . 15(6.7) 16 (6.9)
Never 156 (69.6) 169 (73.5)
Family history of colorectal adenomas and cancer
No 189 (84.4) 212 (92.2)
Yes 35 (15.6) 18 (7.8) 0.01

* Examined by #-test or Chi-square test.
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Regulatory mechanisms of striated muscle contraction. Calcium inhibition of Physarum myosin
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Myosin II is one of the typical motor proteins and is classified as non-regulated, phosphorylatable

and Ca-binding myosins. Physarum and scallop myosin II belongs to Ca-binding one. However, Ca® works
as an inhibitor for Physarummyosin and as an activator for scallop myosin. This similarity in the subunits
composition has raised the question of what subunit determines the inhibitory and stimulatory effects
of Ca®. Myosin II regulated by Ca-binding has not yet expressed as a recombinant protein. Here, we report

the expression of physarum myosin II together with preliminary characterizations.
Key Words motility assay, calcium, recombinant myosin II, actin
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Plasmodia of Physarum polycephalum shows vigorous cytoplasmic streaming by changing direction every
few minutes. This oscillatory streaming is regulated by Ca®* and is thought to be driven by a conventional
myosin . It has been known that the superprecipitation of actomyosin preparation or myosin B from the
plasmodia to examine the effect of Ca®. It superprecipitated without requiring Ca®. When Ca®* at yM level
was present, the superprecipitation was inhibited. This calcium inhibition was quite the opposite of
the superprecipitation of actomyosin from vertebrate muscles, and we expected that the inhibitory mode
could be involved in the plant cytoplasmic streaming. With the finding of the diverse classes of
unconventional myosin such as myosin I and V in vertebrate muscles, the inhibitory mode was shown to
play a role in cell motility in both animal and plant kingdoms. In this case the myosins have calmodulin
(CaM) as the light chains and are regulated by interaction of Ca?* with CaM, which exerts an inhibitory
effect on activity. Since of the findings of calcium inhibition in the plasmodia, efforts have been made
to define the way in which Ca®* regulates the actomyosin system, leading to the discovery that, while
that Physarum myosin is the major site of action of Ca*, actin-linked regulation through actin-binding
protein is involved in the inhibition. Further biochemical studies on the myosin—linked regulation showed
that Ca* binding to the Ca-binding light chain (CaLC) inhibits the activity of Physarum myosin  Similar
to Physarum myosin, mollusk scallop myosin belongs to the myosinll isoform family and the activity of
scallop myosin is regulated by Ca® . However, the effect of Ca® on this myosin is in an opposite to the
regulation of Physarum myosin; Ca®* activates the activity. Because structure and function in relation
to the regulation by Ca® are known better for scallop myosin than that of Physarum myosin. We adopted
a strategy to compare the two myosins for a better understanding of Ca? regulation. As the first step
to analyze how Ca® exerts a regulatory role on Physarum myosin through binding to CalC, we tried to

obtain recombinant myosin and heavy mero-myosin of Physarum myosin (HMM).

*iaR &I

We used baculovirus expression system. Sf9 cells were infected with the virus constructs.
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(1) Ca* inhibited sliding velocity of actin filaments propelled by recombinant full length myosin II
and HMM of Physarum polycephalum , and as the concentration of calcium increased, the inhibition was
stronger. But inhibition is stronger for full length myosin II, suggesting LMM maybe affected the
sensitivity of myosin for Ca®.

(2) The velocity of actin filaments caused by phosphorylated HMM was higher than unphosphorylated HMM,
which agreed with the characters of Mg2™-ATPase activity of myosin II before.

(8) Calcium could not impact the sliding velocity of actin filaments by mutant recombinant myosin II(it
lacks calcium binding cite), suggesting that Ca® regulated the function of physarum myosin by binding
with Ca*-binding light chain (CaLC).

1. The effect of calcium on the sliding velocity of actin—filaments on a glass surface coated with

unphosphorylated physarum myosin.
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2. The effect of calcium on the sliding velocity of actin—filaments on a glass surface coated with

unphosphorylated and phosphoryalted HMM.
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3. The effect of calcium on the movement of actin filaments on the mutant full length myosin-coated

glass surface.
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To understand regulation of myosin II isoforms by Ca* comprehensively, i.e., including both activation
and inhibition modes, we have expressed the hybrid HMM, it is consisted of physarum heavy chain, physarum
regulatory light chain and scallop essential light chain, expecting the functional hybrid HMM. But we

found that scallop essential light chain could not bind to physarum heavy chain.
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SDS-PAGE of purification steps of recombinant myosin of Physarum polycephalum
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5: Sup. after the ultracentrifugation in the presence of ATP

6:effluence after using Ni-NTA column

7-10:Purified physarum myosin by using Ni-NTA column
L1-15: Purified physarum myosin by using Superose ™6 column with HPLC
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. S'Cr BERERIC X B MRS EIE AR (><610‘) Liver (><110’) Spleen
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HIRRA YA bAoA v DERITIZ DV TIL TR
NK, NKT #faidf®& 1 B B T IFN-y& O IL-4 Liver

AL b DD, 2. 3 B B TS 2RI mc.' S| M s N o] BER 52
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BEOTHREOSEEZMEIL, BERERETRE
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BT eBRALNEROT,

R, MRBRESEETEI TR IT L VD TERR, ARFRIC LY . BAMEIC X - TIREBISE
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Abstract

Spina bifida aperta (SBA) is a congenital malformation of spinal cord with complications such as spinal ataxia and

bowel and bladder dysfunctions. Our group has developed a post-hatching chick model with surgical-induced SBA
showing spinal ataxia. In this model motor neurons in the neural tube were observed by immunohistochemical
staining with the monoclonal antibody against Islet-1 as a marker of motor neurons. In this study the delay in
migration and maturation of motor neurons were observed in SBA. Although the final numbers of Islet-1 positive
neurons in these two groups were not different, the defect in the production and elimination of excess motor neurons
in these early developmental stages may be due to the pathological mechanism of the motor complications in this
disease.

Key word spina bifida aperta, chick, motor neuron, Islet-1, motor complication
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THFHERENL, B M TIRBAENE 4 Bt AHEREORSIRSIC X o T4 U 2 HEBISER iR E
HFHHD—>ThHD (Coppetal 1990) , —LFHEETIX, BHAFFLIMNC S TROBESEREZRERELET S
BITREESZ OO S FEENHAERICERENRT B Z L BMbR T3, T, HITLaEOHSETE
#3165 ECHEMERED—OTHLIR, ZHFHESE CIXEOMTBRELHERT 212077 Th, 1
EERAT B E TOMICEEONARIRNE 2T HERDH D E. ZHFHEBEOERLR-TNS,
Adzick BIZE>THRROFHFRMOBEHEICL Y ZHFHEEICEE L EshigEEESSRE SN 5 hE
A Y DETFNVEMWE AV ERTREN, 1990 ED%EN L KENZBY YT ZOFHEEDKRIRIZR L
TFENBEERMTONEDT, T2 > TE DT X DR ORIEIMEE - 7253 (Bannister , 2000),
ZOFEFBLT LOEPARE L OV THEBEEOBREEZIHT ) LWIHIBPREL LI RN E
BREIZEALMZEN20H D, T HDOEERENLHRITE 3 X 51T, ZHTHECHRT 2 54EE
DS IHSRFBR S TS SISV il Y,

TIVE T BHEEDSRIBRETOT- DT DETNVEMIMMELILTU DS, ZNHDETFNTIIE N _40F
MEERRAE & B  BBPRYNRBET- £ DT L 3L DFICRLND, ELIATELIHER TH-oTh, BFEZRE
RNESBHB LN, IR, Mominoki Hid, ZEHMTEV I BikE b BRI AV VO TEE AR e /VE)
WEER L. ZOTETNVEIORBTRERICINZ., [ Z5FHEEDIRIR TR DTSR En
RohadZl) RO A LR EN TR SN B DWELIS TN F 80 BORE AR
RO ETH D) Zeh b, HEEELZS|I&EITREL 23R ERENFRORAE
HICZHFHERR TR o T3, LORFBERR L, £ T, ZOWEIN—TO—BTHDET
TDEE. bbb AR HE ORI AR T T CILOR AN LR o TWB Z L ZALNITTS
7oz, ZO=U N ETF MBI BRSO ESHSIRO R AR 2 Bt ~— I —Th Y, &
AR v REEFTEETFTH D Islet-1 HilEz AV TEBINZ U, ZHEHEEDTRIZI 2iESEaman
RABRRRER LU,



R EFE

ZOYBHEROIERR: BV IR OEREIRE 39. 5 BT T2 B4 L% 2~— b L 57 Hamburger and
Hamilton (1992) D stage 18-19 IZFE¥9 3 =1 k U BRIZLAT OMEAR & DOFEICHEV WIMEIROME Z L —
SEHE=D N IRREM U, EEFEHBSETICINR L 2L, BIEDO A 72ER L TRIEERIO
AR 25 6 FIHED D RANC RN 7 85808 L=,

GEREGLE L MR OB FAT—IIELE=U NS 2-4 [EHEZTIVHL 4% ST 74
WATVTE RE 0.2 %7 NEFNTAFE FEET 0. 1M U EREEENE (oHT. 4) & FAVEZRE, 15um OB
BIR VB LB 2 To T, 1 IREURIZIIN Islet-1 HifEZ AV, 2 KEUBICIZE A F At iU R
FEEZHAVABC ¥y b (R FRATA U ABC,RT ) BRANIT I )RUF VALY BBEITHATF
IARIZ X D B E 1T o7z, Islet-1 BEEMNOSE 4 3 IEREERM OBIRO A 3 BEiciric, 7%
IXEAEERRE TR L, BERZEIIS BT OMRIZ Bonferroni DL ELEEE AV,

R
EHHRORBRERBICLVERT—U% 5 BET, 6 BET. RU7 BURED 3 RO CRRdls
DL Lbic, 2RO Islet-1 Bt = = —o OB LERE LT,

EEERORAT (4. 5 BEID : Z ORI E CICIEEROFTH T LK L AEB ORISR &

72D TR L bR LEAIRRE L RoTHRET S, —F. 2R, LRELAEROE
FUTEERFE L FHE. PETH Y. FBICIIVIE OIS EIAET 525, SR T3Sk E
< FRELEI SR REIRE%1T D (Fig 2c, d), BIRMEEII S FHF CHOEEHOTNLLEE
2 BETIPFHOBA LS TERATA LV b S DITEANIAIE LT 5 (Fig 2, 8), MHEL BIT
B & ARRRRENICIT Islet~1 BRI S RO, HACHEEITITBEERGSE, FIAD
QLEBIITEEE & bAEIMAUERIZ 3 2 R ERHORIAITERBERTH DA (Fig. 2b, f) ZHFHERE CIIER
L. TOERHARTRV Fig. 2d,h), EXREHORIAFERICBEITO Islet-1 BHEHEINIL 4 HEET
FERE & bR NS EGRD HiLD (Fig. 2b, f). 5 BIZR3 LIEEHOLKE L AiAFRE OB
IIWDT 5 (Fig. 20) B, ZHFHERECIIRE NI b OEEEN S (Fig 2h), ZOFER. EE T
BIATRIRD Islet-1 BMEMIRRITLLRRTE— Y %R LEBEIR L WA TV (Fig. 26) B4R HERETIZ
BUASRISOMINE S 7/ F A DR S bR — CHIREDF A b FERIRRER T 2 L1225 (Fig 2h),

EHEROFAETH (6.5, 6 H) : 5.5 BIGIXIEFRT CII XSG L ATAROBEREIGII R Y D L 722
% (Fig. 3b) M ZHFHETIT & 0 &< OMREBEINYEL (Fig. 3d). T ORBHZHFHE TIEMIC X D428
ZORRDM, AR ZEEOMIRERICE S &5 2 ENBEV, TROBLIMUICEN T I FVETRT
Islet—1 BAPEARREAS, PINCIXLEEATEEV Vo 7V R HIBAMLIE LTV 3 (Fig. 3d), —F5 6 BIZR S
LEBEL bICBEMIRII D2 <20, RLE Y 2B%ET 5, £ LTHE bRTADOEERIIIMAUD
Islet-1f&tE—m o —m 0 L PRI Islet-1 Bt —= = —1 o &40, F ORI T 5 (Fig. 3, h),
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IEEDOIMINT (Fig. 4b) , ZHFHETIIIERNIC Islet-1 BEMEARIRDES T 5 (Fig. 4d),

9 Ri/ed &, IERTiX Islet-1 BBEMGINIEE A L RBWRL 72D (Fig 40) . ZHFHETITH/ICS
D Islet-1 BEAEHIRAAERD DB DI E 725 (Fig 4h), FDR VITHIMENR Islet-1 SBHHETH S
= —n U BRiAT DD X HTkB, FRFZ 9 BLUBOEE=2—1 Uik Islet-1 TIEEEHSE
RNZ E YA LR,

2RO Islet-1 BPiE=o—o UEOLE : BETII Islet-1 BtE=a—a A3FITEML 5
BIZE—ZIZ#E L, FO%BAT 5 (Meltling etal 1993), —F, ZOBHETIIZ DL H 2 —2 3380 b
T BN EST T (Fig 5), RAMEE 8 A2 A2 LHEITINZE A LBVRENE IR



% 5%.5 BRMEICBIT 5 EEFHCOREA Islet-1 BfE= 2 —0 U OBBIIEERZFTR TH 5 (Fig. 5.
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BROFEA CIIHROERIEE L 2T 78 b= R Lo TEMAZ XELTE RVHESHR S h
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W3, BB RE O RITBAERI AR 98 CFIT 24T o 72 St18-19 IT/EB I, # 95%LA L OEENHEAIERAN
fa7s st25 (B4.5) ETIZIELNS, —F. HIBERETH D 7R b— R 1% St25-27 (B5-5.5) tHA
SIEEEREIPRCIAE Y, St29-30 (E6) TE— &M%, St38 (Bl12) ETIKRETR LV, Lizi
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Fig.1: Photographs of the normal chick (2) and the chicks
with lesions of a length measuring 5 (b) and 7 somite (c).
(photographs courtesy of Dr. K. Mominoki)

Fig2: Distribution of Islet-1 positive neurons in neural tube
at B4 and E5.

a-d: photomicrographs of transverse section through L3
neural tube in control (a, b) and SBA (c, d) at E4.

e-h: photomicrographs of transverse section through L3
spinal cord in control (g, f) and SBA (g, h) atE5.  (Figs.
b, d, f and h are the high magnification photomicrographs
of left ventral hom in Figs. a, c, e and g respectively.)

Islet-1 is visible in the whole ventral hom and DRG.
There is little amount of Islet-1 positive neurons in the
dorsal hom and the area around roof plate. The arrows
indicate the immature Islet-1 positive neurons migrating
from the ependymal layer to the ventral hom.

S=skin; D=dematome; M=myotome; VR=ventral root;
DR=dorsal roof; VH=ventral hom; DH=dorsal hom;
AM=amnion membrane.

Scale bars =200 2 m(g, ¢, &, g), 100 1 m(b, d, f, h).

Fig.3: Distribution of Islet-1 positive neurons in ventral
hom at ES.5 and E6.

a-d: photomicrographs of transverse section through L3
spinal cord in control (a, b) and SBA (c, d) at ES.5.

e-h: photomicrographs of transverse section through L3
spinal cord in control (g, f) and SBA (g, h) at E6. (Figs.b,
d, f and h are the High magnification of photomicrographs
of left ventral hom of Figs. a, ¢, e, and g respectively.)

At E5.5(a-d), Islet-1 positive neurons exist throughout the
ventral hom, but exist only in LMCm at E6(e-h). The
arrows indicate the immature Islet-1 positive neurons
migrating from ependymal layer to the ventral hom.
VH=ventral hom; LMCl=lateral part of lateral motor
coumn; IMCmFmedial part of lateral motor column.
Scale bars =200 1 m(a,c.e,g),100 2 m(b,d fh).



Fig4: Distribution of Islet-1 positive neurons in ventral
hom at E7 and E9.

a-d: photomicrographs of transverse section through L3
spinal cord in control (a, b) and SBA (a, d) group atE7.

e-h: photomicrographs of transverse section through L3
spinal cord in control (g, f) and SBA (g, h) atE9.  (Figs.
b, d, f and h are the high magnification of photo-
micrographs of left ventral hom of Figs. 3, ¢, €, and g
respectively.)

The arrows indicate Islet-1 positive nuclei. The arrowheads
in Figs. f and h shows the Islet-1 positive cytoplasm. Some
Islet-1 positive cells inside the lines in Figs. b, d and h
present weak Islet-1 signals in the nuclei. Scale bars =200
rma,c,e,g),100 L mb,d, £ h).

Islet-1 positive motoneuron numbers

*k *% D Con
100G~ T ] sBA
800~
600~ T T

T -
400 - T
200 F =
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Embryonic day

E8

Fig.5: Chronological changes in the number of Islet-1 positive neurons in L3 ventral hom from E4 to E9 of control (gray) and SBA
(black). **P<0.01: significantly different from the former stage and the control of the same stage.
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LlEXY RAS I % VSMC D ZLREDAD =X LIZIE AT, REFEEMN LT Ki-ras2A DREER O EFPEIEX

FOZADEEARBEELTHEY. HBEh2 Aldo LEESLTNBIEMNTE SR, SSITELITHELL Ang T &
Aldo THEENHFTHILT. BERETH>THHRENICELEZRETITREMEAE AL, I Ang II &
Aldo DHERHNFIEOE D ECDOFHICEETHILEALN. % BBERFTHS RAS KEEELLE
FHTHDOMNI DT Ki~ras2A DT HTHD ERK PZDHD MAP FF—H RIZFBLTRIZFTO>TLNKFE
THB Tl TOOFTUOIVBREBR (AT ATZEBR) DDV T FILERTEZIZONTOFELLRFE /Y
HTHRIHRAMSEELE VSMC 2RV THRETIFETHS.

BE M

Aldosterone and Angiotensin II Synergistically Induce Mitogenic Response in Vascular Smooth Muscle
Cells. Min LJ, Mogi M, Li JM, Iwanami J, Iwai M, Horiuchi M.
Circ Res. 97:434-442 (2005)

7 AR [The 21st Scientific Meeting of the International Society of Hypertension]
72 5T T60th Annual Fall Conference and Scientific Sessions of the Council for High
Blood Pressure Research in association with the Council on the Kidney in

Cardiovascular Diseasef
T, RRE—FRINT,
% 7. B [Cardiovascular Researchy (ZBXBRFEFTH B,
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Table 1 Effects of the chorda tympani denervation and SNI-2011 administration on the cathepsin activities of isolated rat acinious cells

Cathepsin activities ( mU/mg profein )

D+E (%) E (%)P D (%) B (%)

Normal
CTD
CTD+SNI-2011

3.58+037(100+£10.33) 0.1336+0.0142(100+10.63)  34420.36(100£1047) 0.0159+0.0024(100+15 09)
4.61+020(128.77:559)*  0.0705+0.0094(52.7747.04)  451+0.17(131.10x4.94)*  0.0139+0.0029(87 42+18 24)
2.74+031(76 548.66)**  0.0435+0.0064(32.5624.79)  2.69+030(7820+8.72)%*  0.0211+0.0058(132.70+3.65)

* p<0.05, significantly different from the normal group. **p<0.01, significantly different from the CTD group. c: Calculated by sub-
tracting the value in “b” from these in “a”.
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Abstract

Exon 3 insertion or deletion is one common polymorphism in the growth hormone receptor (GHR)
of humans. Deletion of exon 3 has been associated with the degree of height increase in response
to GH therapy. The objective of the study was to evaluate the proportion of 43/7/-GHR
polymorphism genoiypes in Chinese 72 Short stature Han and Uihgur patients compare with
Japanese 52 GHR genotypes. The Chinese Han group was classified into GHRfI/GHRfl (56%)
GHR{1/GHRd3 (40%) and GHRA3/GHRd3 (4%) based on genotypes of GHR-exon3. Genotypes of the
Uihgur group and Japanese Group consisted of 72%, 83.7%with GHRf1/GHRf1, 18.2%, 14.3% with
GHRT1/GHRA3 and 9%, 2% with GHRA3/GHRA3 respectively. The proporiion with GHRf1/GHRd3 exon3
genotype in Chinese Han nation was found to be higher than Chinese Uighur and Japanese genotype
but lower than that in Europeon people was with significant statistically.

Keywords: Growth hormone receptor, polymorphism, short stature, Chinese, different races.

Introduction

The human GHR gene is a single copy gene that spans 300 kb of chromosome 5. It contains nine
coding exons that encode the receptor and several additional exons in the 5-prime untranslated
region. (1) A polymorphism the human GH receptor gene (d3/f/-GHR) resulting in genomic
deletion of exon 3 (2, 3). Recently associated with the degree of height increase in response
to GH therapy in short French children born small for gestational age (SGA) or with idiepathic
short stature (4), German Turner syndrome patienis (5), and Brazilian GH-deficient children
(6), although other studies found no such association (7, 8).However, a significant
association between GHRA3 genotype and hypertension have been demonstrated, lacking a copy
of the GHRd3 alleles to be a risk factor for hypertension has been reported(9). At the present
the common polymorphism of GHR is as yet not documented statistically XinJiang of China. In
an attempt to understand the polymorphism change of exon3 in GHR-gene in my area we examined
72 Chinese-Han and Uighur ethnic (totally deferent with main Han nation) compared to 52
Japanese sample genotype.

Materials and methods

Subjects
A total of 72 Chinese Short stature patient live in Xinjiang(biggest minorify area in
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China)aged 2-15( Uighur boy 11, Han boy 31, Uighur girl 12,Han girl 18); were recruited from
June 2006 to October 2006. Participate in this study. Twenty-four were living rural area in
XinJiang, twenty hospitals participated, 28 from out patient . Inclusioncriteriawere: height
lower than 3% of normal, never having been treated with GH or other anabolic agents; normal
gastrointestinal, pulmonary, and liver function;. Exclusion criteria were: neonatal brain
injury, chronic diseases, and steroid therapy. None were in an acute care situation, Height
and weight were recorded by our-self at inclusion and the corresponding heights SDS were
calculated. Serum IGF-1 were measured at entry into the study in 41boys and 3igirls and
expressed as SDS according to age~ and sex-matched controls and the ratio IGF-I calculated
(Table 1).
Tablel.Height, IGF-1 date in the Chinese short Children

Uighur Patient Han Patient
Age 11.3+2.17 8.9+3.1
Height-SDS =3.1740.43 -2.93%£0.93
IGF-1-SDS -1.07%1.01 -0.89+1.34

Genotyping
Genomic DNA was extracted from white blood cells of patient and Patient’ s mother using a
PUREGENE DNA Purification Kit (Genira) and used as template DNA (Figurel).

Figurel: 72 template DNA in short stafure from XinJiang
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To determine genotype of GHR exon 3, we applied one revised polymerase chain reaction
(PCR)-based assay method.9 The pair of primers GI (5" -GTTGGTCTGCTGGTCT GCTT-3” ) and G3
5’ -GTGCTCTGCTAAGGATAGC TG-3° ) allowed amplification of the exon 3 allele only, whereas
primers G1 and G2 (ACTTTAGCCAGTCGT TCCTG) amplified GHRd3 allele under specific conditions
thereby discriminating the three possible alleles in this locus (i.e. homozygous of GHRfI1/fI,
GHRd3/d3 and combination heterozygous GHRfI/d3) (Fig. la). Parameters of PCR were the initial
step of 5 min at 94° C, followed by 35 cycles consisting of 30 s at 94° C, 30 s at 55° C,!
min 30 s at 72° C, and the last extension of 5 min at72° C. The expected length of 934 bp
indicates the GHRf/ allele and 532 bp indicates the GHRdS allele (Figure2)

Figure 2
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Statistical analysis

Hardy-Weinberg equilibrium (HWE) was calculated according to standard procedures using x2
analysis. Differences for d3/f/-GHR genotype frequencies between three groups and height-
SDS groups were analyzed by the by the x2 test.

Resul ts

Similar proportiion for the GHR{1/GHRfl and GHRf1/GHRd3 genotypes was found in both Japanese
group and Chinese Uihgur group. In the Uighur group ¢3/¢3 genotype was higher and did reach
statistical significance. Mean values of Uighur group height- SDS were lower {han Han groups
(although not statistically significant). The proportion of 43/f/-GHR genotype in Chinese
Han group was higher than Japanese group and Chinese Uighur group but lower than European
people did reach sfatistical signification. (Table 2)

Table2. d3-GHR genotypes (%) in Chinese-Japanese short stature patient

Japanese Chinese Han nation Chinese Uihgur nation
d3/d3 2 4 9
d3/fl 14.7 40 18.2
f1/11 83.17 56 72.17

IGF-1-SDS lower in Uighur group than Han group although not statistically significant, was
observed.

Discussion

Growth hormone is used to increase height in short children who are not deficient in growth
hormone, but its efficacy varies widely across individuals. In which genetic disposition,
nutrition, homeostasis, hormones, and growth factors interact. Among these factors, GHR plays
an important role, and loss—of-function mutations in the GHR gene lead fo growth delay during
infancy, childhood, and adolescence and short stature in adulthood (10-12).

There are 2 isoforms of GHR in humans, generated by retention or exclusion of exon 3 during
splicing: a full-length isoform and an isoform that lacks exon 3 (d3-GHR). The generation
of 2 transcripts that differ by the skipping of a coding exon results from homologous
recombination, which mimics alternative splicing between the 2 retroviral sequences that
flank the skipped exon (13). The allele encoding d3-GHR is specific to humans. Results of
the studies (14) supported the hypothesis that the GHRd3 isoform is transcribed from a GHR
allele carrying a genomic deletion of exon 3 rather than by alternative splicing. An iseform
of the growth hormone receptor gene that lacks exon 3 (d3-GHR) was associated with 1.7 to
2 times more growth acceleration induced by growth hormone than the full-length isoform(15)
(P less than 0.0001). In transfection experiments, the fransduction of growth hormone
signaling through d3-GHR homo- or heterodimers was approximately 30% higher than through
full-length GHR homodimers (P less than 0.0001). Thus, the polymorphism in exon 3 of GHR is
important in growth hormone pharmacogenetics. Dos Santos et al. (2004) stated that one-half
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of Europeans are heterozygous or homozygous with respect to the allele encoding the d3-GHR
isoform, which is dominant over the full-length isoform. In our study the proportion of
GHRf1/GHRf1, GHRfI/GHRd3, GHRd3/GHRd3 genotype in Short stature Chinese Uighur group differ
statistically and significantly from those Short stature Chinese Han group. This date suggest
that in addition to the multiple factors that may contribute to short stature in Uighur group.
In a summary, our date showed significant differences in the proportion of the d3-GHR
polymorphism genotypes between Japanese groups, Chinese Uighur group with Chinese Han group.
In addition Further investigate will be need to investigate polymorphism of GHR-gene in normal
height control populations in my area and compare with this date.
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FIAL T, GFP-La & GFP-LaA220 (S A ABICK > THIEFShANFKIHISFT A Y MBESEBREER
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— B HEFHBREE—
Bo$/E La (SS-B) & Granzymre B [Z& B 7R F— RO THE

RICEI S h Tl S HMREICEET S

MEEKRSL B HE
TETREE HAHIHRBEF =Y br—AEF—
BARZEE RHAEMBRRES AR
REFKE R I0o B
kRBFEES FHHEILA, FHEME

EE

V3 rol ) t:ti&@_—%ﬁ@ V=7 VUEGRRBEOMBEPIZIX. La (SS-B) HERHENR S T VA
ABIZE o THENICHIB SN TH LWECHAEZELEL TV I LEREL TS, TH, 7
Z ¥ A ABIZX 2MBENO La (SS-B) OBKIZOWTIIFEMII AR R AR ZV, SEEA
X7 FALBIREBZTR b=V AOHTHEHIKE La (SS-B) OFELERALNTTHZ L &
BENZ L7z, E7. pAcGFP1-c2 X7 ¥ —%F|H LT GFP-La & GFP-LaA220 (75 A &
BiZ&k» TRENICIM SH 5 NKWED) MEBEARERLE. . TOBESERERER
% A293T MR 2 KR EHARR (CTL MIf3) LBEEE L. LA, RET oy METHN
Shi- GFP-La @A BB LR Lz, RROFET, WEIRIRMIAE HSC #IlL % - THIlREZN D
La (SS-B) DEEAL &Ml L7z, A293T IR T, GFP-La I3BAPIZ/RTE L. GFP-LaA220 (ZHIRRE W
WIFEEL TV, CTLHIRRD 7 5 A ABRIBL T, A293T #IAEPY D GFP-La XM S CHINEE
KBEHL T\, HS6 e ZE-> = ERTHRROBRIBOONI, ZOX I RFERIE, V=
— T VAEBEB TS T U FA LABBBIERITT R =Y R Lo THIEZEND La (SS-B)
HOHREAFROCOH Sh TRRECBH L ERNKF LW Y Moy 5 B EHiESE
AT BN RR S i,

Key words 77 %A LB, La (SS-B) BCHIE. 7H b— X, BOHE, v =—FVIUERE
B

il

La (S$-B) A FIXERIZEA L OEEMBENICEEL, R A T—FIHEA L, TOEBEE
WCEHEREHEZZ LTS (1), fi—La (SS-B) BEHEII Y =— VVERH, VW TXREBE
SERBICHANT, HERLT Ry 7 RETHEb> TR (2,3),

75 P4 LBIEE NK AL, ARARREEMEARN (CTL #liR) 72 & OERIFICIFE L. ZHHI
NOTa R A—E % AA—BIESL ST, BRERE, BAKICBWTEEREEEZR
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T (4), Fie, 7 UFA ABIREEENMRANOEERBEAZLYINT S (4-6), Fxid—HoO
V- VVEGRRBELBERICIZ ST UFA LABICLo THENICHNT SN S N K La
(SSB)7 T 7 A > MIHT B LV H EHERTEET 52 L s Lt (1), ThbOmRRI,
NK #ifa, CTL MIMRIC L A7 A b — Y R XB CRGEOELRMOPDOELY B’HEZ L #RR LT
Wb, X774 ABMBIEBITT R h—VAOH T La (SS-B) - FOHMRENDOZELE
HALOMNMZTAZ LEEWMICLT, .

S EIDOHFFE TH & 1% pAcGFP1-c2 X7 Z —%F[f LT, GFP-La & GFP-LaA220 (75 V¥ A A
BIZLoTHIiENBNKRIRETZ T 7 A MDBEBEREZER L, ZOMEERERALTVS
A293T #ifa % CTL AHAIER YT HIfE LRG3 L. BCEMHE T La (SS-B) OE(LEMB LT, £
fo, VxREFTuy MNETT I UFAL ABIZL o TEWE i La (SS-B) & F DAL & #i
METORBRLHR L, ZO—HDOERT, La (SSB) HFNRT T FAL LBIRL-oTH&E
TENDTAR M-V RAOPT RIS THRZ» b MREICBEIT 5 Z L3R SN
Teo ZHICE 2T, NK, CTL HIAZIT K 2 ERBMIEOT R b —V ARV ==V VERBOAT
HEOELICTHEELTVWDZ EBNRRENE,

HHEAE

ARa L 3%

6 U = VAR RAREIC T, A293T A (ATCC) X 10%FCS %&Te DMEM( KA )G, HSG #ija
(Yoshio Hayashi 54, T8RS RZEWEEER) X 10%FCS &-&ie RPMI THE3% L7-, YT MR (ATCC) X
10% FCS Z&te RAMI ZEA L T, BERMRERB[R TR L,

GFP-La & GFP-LaA220 AZEH DRI

La(SS-B) cDNA(Dr. Walther Van Venrooij, University of Nijmegen, Nijmegen, Netherlands) @ .
SR ELIINKEN D 660bp DERSIZ PCR 4 THIME L7z, Z @ PCR EH% GFX™DNA ¥5Hl¥
> b (Amersham) ZFIA L THE L. FNVEXKKENCHRR L, £/, TOEERSIEZ—F
B CHEZR L. pAcGFP1-c2 X7 Z —® EcoRl & BamHl ¥ MIH T 7 w—=2 L1z, A293T #
JAZ 6 vz V7L —MIEEEL, 5X104/ D xMIofkE3ul DNA/V = VOWET, YRY
=7 #2000 (Invityrogen) % {Ef U CHEIEFEA L T GFP-La, GFP=LaA220 ZHFHH I ¥ 7,
il e R At 2R

YT #MIC & ARSI LIATIC R R L (1) L 51T, 1X10° YT #iM & B35 R AR HSG
MIRRE 721% A293T MIRa % A CHifagktb R CERE38 Lic, IS 3h, 6h, 12h, 24h &, BFEROD
YT #RRIZEE T, 7V — M IXPBS T2 El#-k, ThERVWTY =X F 7y b XM
@ EITo T, .

JxAZvTuy b

27N % 12.5% SDS-PAGE (ATTO, Japan) 7754 45, BRKEIE. = b ol 2T
BREL, 5% AXLINVIPBS TR v{ S L, TOEEF—La (SS-B) MAb SW5, HT—PARP
MAb ¢c—2-10 (MBL), #i—DFF MAb (MBL), #i—GFP MAb JL-8 (Clontech) 72 & —®&HifET 1h K&
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&E®7, 10 4RI X3 [E] 0.5% Tween PBS THEVY, HRP-F L L7cii—< 7 Rk (MBL) TRI&
#. ECL7 X (Amersham) THIE L. 74 VAR S BT,

S b

GFP-La, GFP-LaA220 JHE{#GH#: A293T MO EMIR R % 4 REMEAZELES v & (PIRCE)
EEALTHR—La MAb SW5 THREWRE L. LREMER—CFP MAb JL-8 & Sk S¥7,
ot

HSG MlRZEAT A R TZABA-TNS 24~V = VT Ly MTEET D056 Mila% 70% =% /
—VC 15 Sy EEE L.BSA B A>TV 3 PBS T 16 BT, TNE=RIE T 1h Fi—LaMAbSW5 T
RIS &R, FITC-S~WV LicHi—e U R Ig6 L RIG&E, BIEMECHE L,

mE
1) GFP-La & GFP-LaA220 BIAEREIX A203T #IjR C BRARZRFZUERLE,
La (SS-B X7 T V¥ A LBIZ Lo T Asp—220 OHY A b CTHEMIZEIRTIN T27 KDa 757
AV IREELRE 4, 5, ), MKEEADLa(SS-B) HFOEILEZHLMNITHEDIZ, Halk
pAcGFP1-c2-La & pAcGFpl-c2-LapA220 H7 7 u—= 77 & 2HE8E Ui, HIFREESE EcoRl &
BamHl CHE$ 5 & 1227bp D La cDNADORF & 660bp ONFKIET T 7 A FABIHER L7 (Fig.
1B L3, 4), ¥, FhENY T ru—=r P LRy Z— 2 HEsH &8 7 A293T #IjR D
AR % 5i—GFP MAb J1-8 THUL S ¥ 7=, f&R. 75KDaGFP-La @&ER (L6, 9), 53KDa
GFP-LaA220 & E R (L 7, 10), 28KDa GFP B AR XN, T ik GFP @5 B 2% A293T
HIBRATHREMNIKERR L TVWAZ 2R LTWVD, BABEMSTHRRB L L Z A, GFP-La @&
EHIIMRZNIC, GFP-LaA220 fE &R BT EMIC, GFP RBAIMBEATH—R2oME2RL
TV,
2) GFP-LaidZ 7 v ¥4 A B RRIIZEINT S THIRRZY GMISE BB L,
GFP-La BIAEAZIEWMICRI L TV 5 A203T MM & CTL AR YT HIAE % Ry MK TERD I 2EHE 3%
L. YxAZr7ay FEEBNEMEE T GFP-la MABADORERRER L, VY=RAF 7
v METIZY F A ABMLI L 7= A293T BHIKIR LRI U A XD GFP-La 75 7 A v hddfi—
La MAb SW5 THER SN ic, RIRAC, Ml L MREDE L SV CRIGSELHKER, £ED75 7
A Y MIMIRE AN TSR &, BEEMSETHRISRBIC N T, AABHOHMRE~DB
BRER Ehi, (Fig. 2),
3)HSG MifR & YT MR DERERBIIBWTH T T VA A BHRERMICEMT SN/ 2TKDa 75 7 AV
FASKIRRE BB LT,
XV BARERIEHL S B 7o i, EIRRAINAER HSC AIRE A YT IR L SEER U, La BADELEHE
BLE, 7094 L BRENR 2TKDa 77 7 A Midyi—La MAb  SW5 IZ X > THERB S
(Fig. 3a), RARIZ, YT MG & RS S¥7-t%, HSGHIfR #Hi—LaMAb SW5 TG L., 7= FITC
FARMLTEH—< DR 1g6 ZREETRIG L, BABTERETHRE L, 27kDa La 7T 7 A b
DMK ENICHBRE BB LTS Z L B3R &k (Fig. 3b),
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SEIOMR TR L IIHIEEND La (SS-B)HFRT T %A A B REMIZUK I T, £O
27KDa N K7 T 7 A Y MIHBREICESMLTWD Z 2B LM Lz, B4 iZLATOHAT
— MOV -V EEHBELEELEST, 7794 ABHFEAMICHN S 5 27KDaLa 7
FSTAVMIFILLWIE NTHREETDIILERELE (), LAL, ZOLIBRFLVWACH
BOBEAA=AAMMIEL TR LIS OGP bRNVEZABEN, SEOMATRLEL I, La
(SS-B)YEANS T ¥4 & B EMICEIN & h TRl b HIREICB BT 2R & 1%, 27KDa 7
FZAVMIRHTAH LV E CHREOEALICEE L T30 Litiew,
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Fig 3

HSGHfE & YTHIAG & DIESERIZIHVT La(SS-B)E | it b g ~%
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